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PREFACE 

In conjunction with other support documents (hsted below), this AppUcations Guide provides the user with 
sufficient information to build, checkout, and utilize a wide variety of SC/MP-based systems. The information 
is organized in capsule form; thus, the designer can, with minimum effort, expand, modify, or customize a given 
application. The applications (chapter 2) are organized by class - Analog-to-Digital/Digital-to- Analog Systems, 
Keyboard/Display Systems, Multiprocessor Systems, and so on. Chapter 1 and the appendixes provide general 
design data as regards the instruction set, addressing modes, input/output capabiUties, interrupt structures, and 
other applications-related features. 

To complete your SC/MP support library, the following documents are presently available: 

• Data Sheet, ISP-8A/500D Single-Chip 8-bit Microprocessor (SC/MP) - pubUcation number 
420305227-001 . Provides electrical characteristics and functional overview of SC/MP chip. 

• SC/MP Technical Description - pubUcation number 4200079. Comprises comprehensive 
descriptions of functional de tails y general interfacing characterisitcs, supporting hardware, 
and systems information. 

• SC/MP Assembly Language Programming Manual - order number 199 AY .Contains 
comprehensive overview of the SC/MP Microprocessor as it relates to assembly language 
programming and detailed descriptions of the assembly language, sundry source state- 
ments, programming techniques, and assembly input/output formats. 

The information in this handbook is believed to be reliable; nevertheless, the National Semiconductor 
Corporation does not assume responsibility for inaccuracies and the material presented is subject to change 
without notice. Furthermore, such information does not convey to the user of semiconductor devices described 
any license under the patent rights of the National Semiconductor Corporation or others. 
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Chapter 1 



SC/MP AS A GENERAL PURPOSE APPLICATIONS MICROPROCESSOR 



INTRODUCTION 

This document defines the internal architecture, the pinouts, 
and the interfacing techniques of the SC/MP microprocessor 
from an appUcations point-of-view; it is also addressed to 
the concepts, principles, hook-up detail, and general imple- 
mentation procedures that relate to the many applications 
for which SC/MP is suitable. It is assumed that the user of 
this document is somewhat familiar with SC/MP hardware 
and software. If additional information is required in either 
of these areas, the following support documents are available: 

• Data Sheet, ISP-8A/500D Single-Chip 8-bit Mi- 
croprocessor (SC/MP) - publication number 
420305227-001. Provides electrical characteristics 
and functional overview of SC/MP chip. 

• SC/MP Technical Description - publication num- 
ber 4200079. Comprises comprehensive descrip- 
tions of functional details, general interfacing 
characteristics, supporting hardware, and systems 
information. 

• SC/MP Assembly Language Programming Manual- 
order number ISP-8S/994Y. Contains comprehen- 
sive overview of the SC/MP Microprocessor as it 
relates to assembly language programming and de- 
tailed descriptions of the assembly language, sundry 
source statements, programming techniques, and 
assembly input/output formats. 



APPLICATIONS OVERVIEW OF SC/MP 

SC/MP is a single-chip 8-bit microprocessor with a 16-bit 
addressing capabiUty that provides the user with a simple, 
cost-effective, and general-purpose tool for implementing a 
wide range of applications. The basic functions of SC/MP 
are shown in figure 1-1 . The following sections are addressed 
to the purpose and use of these basic functions as they relate 
to the broad spectrum of SC/MP applications. 

SC/MP Timing 

For appUcations where timing is not particularly critical, 
only a capacitor is required for the clock — all other timing 
circuits are an integral part of the chip. If the application 
requires precision clock control, the capacitor can be re- 
placed with a crystal — shown connected by broken lines in 
figure 1-1. In either case, no external timing circuits (clock 
drivers, phase spHtters, buffers, and so forth) are required. 
Refer to appendix A for information on using a capacitor 
or a crystal, and for external clock considerations. 

Sense Lines 

SC/MP uses two sense lines (Sense A and Sense B) as its 
"eyes" to see what is happening external to the processor; 
the sense inputs shown in figure 1-1 are an integral part of 
the chip. Under program control, either or both sense lines 
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Figure 1-1. Basic Functions of SC/MP 
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can be examined and a decision based on the logic state of 
one or both inputs can be made. 

The Sense A hne serves a dual function in that it is used as 
the interrupt input; when Sense A is used as an interrupt, 
SC/MP can monitor asynchronous events while running 
other programs. (Refer to appendix C for implementation 
detail of SC/MP interrupts.) In certain applications, the 
Sense A line can also be used for polling. 

Serial Input/Output 

The serial interface capabiUty of SC/MP is provided by a 
single 8-bit register (the Extension Register) and a "ninth- 
bit" output latch for the least significant digit of the word. 
The serial input/output capabiHty is especially useful for 
Teletype® applications, since the Teletype data are in 8-bit 
format - a parity bit plus a 7-bit code. The serial interface 
is also cost-effective in inexpensive analog-to-digital systems, 
X-Y plotters, display systems, data-acquisition systems, and 
a host of other applications where inputs are generated in 
serial order and the output device can be driven serially. 

Control Flags 

Discrete control of events that occur external to the micro- 
processor are provided by three control flags (0, 1 , and 2); 
these TTL-compatible outputs are built into- the SC/MP 
chip. Under software control, each flag output can produce 
pulses or fixed voltage levels; thus, lamps, motors, relays, 
and other similar devices can be serviced as required by the 
application. Since any combination of the flags can be set 
with a simple series of instructions, there is a significant sav- 
ings in external decoding logic. 

8-Bit Data Bus 

The 8-bit data bus provides a means of bidirectional data 
transfer between the Accumulator, which is internal to 
SC/MP, and standard memory components or peripheral de- 
vices, which are external to SC/MP. Valid input data are ex- 
pected to be on the bus at negative read-strobe (NRDS) 
time, whereas output data are vaHd on the bus at negative 
write-strobe (NWDS) time. The four most significant address 
bits (AD 12, AD 13, AD 14, and AD 15) and four input/ 
output status signals (RFLG, IFLG, DFLG, and HFLG) are 
multiplexed on the data bus and appear at negative address- 
strobe (NADS) time; if the application requires, the address 
and status signals can be externally latched. (Note: In ap- 
plications that use Direct Memory Access (DMA), data 
transfers between memory and a peripheral can be made 
without entering the data port of SC/MP; that is, SC/MP 
does not actively participate in the actual transfer of data. 

® Registered trademark of the Teletype Corporation. 



Refer to the SC/MP Technical Description for details of 
DMA operation.) 

1 2-Bit Address Bus 

SC/MP provides 12 dedicated address lines (AD 00 through 
AD 1 1 ) that are internally latched — an appHcations feature 
that can save much external logic. As previously indicated, 
the 4 most significant address bits (AD 12 through AD 15) 
are time-multiplexed on the 8-bit data bus; thus, a SC/MP 
system can be expanded easily to 65,536 bytes of memory. 

Power Requirements 

For direct interface with TTL and MOS devices, both +5- 
volt and -7 -volt sources are required. From an applications 
viewpoint, it is advantageous to use low-power TTL and 
MOS devices, since the SC/MP interface can be implemented 
without buffering. 

Putting the Basics of SC/MP to Use 

Before looking at the internal architecture of SC/MP, let us 
first see how an appHcations concept can be developed by 
using nothing more than the basic features just described 
and some simple software. Consider a "fire alarm system" 
with a fire-sensing device connected to the Sense A/interrupt 
line. The interrupt capabihty of the Sense A line is enabled 
by software and, on each instruction fetch to memory, the 
interrupt input is interrogated. As long as there is no fire, 
the interrupt status does not change and SC/MP stays in the 
main program. If a fire occurs, the interrupt input becomes 
active (high), and on the next instruction fetch, SC/MP is 
directed to another program; this program is written by the 
user and is called an interrupt service routine. The interrupt 
service routine can be written to serve any or all of several 
functions — turning on the fire alarms, playback of prere- 
corded evacuation procedures and perhaps opening emer- 
gency exits, turning on the sprinkler system, calling the fire 
department, and so on. All of these functions can be per- 
formed by software control of flags 0, 1 , and 2. For instance, 
the alarm system and playback of evacuation procedures 
might be activated simply by setting flag 0 from a logic '0' 
to a logic T. A series of pulses on flag 1 might be used to 
open one or more emergency exits and to turn on the 
sprinkler systems. Flag 2 might be used to activate an auto- 
matic phone dialer — a coded pulse train could indicate the 
number to be dialed. The phone systems could also be acti- 
vated and the dial-up code transmitted via the serial input/ 
output port of SC/MP. Except for memory and external 
interface circuits, all hardware required to implement the 
fire control system is resident in the SC/MP chip; thus, op- 
timal cost-effectiveness is obtained. 



1-2 



SC/MP Hardware 

In the preceding section, SC/MP is defined in basic terms 
with httle emphasis on the internal architecture of SC/MP. 
To view SC/MP from a general-purpose applications per- 
spective, a study of the CPU architecture and a description 
of the pinouts are in order. Figure 1-2 shows the functional 
subdivisions and identifies each input/output pin of the SC/ 
MP chip. In subsequent sections, all functions and pinouts 
that are related directly to appHcations are described in 
terms of both hardware and software. 

Accumulator Register 

Almost any data movement within the SC/MP system in- 
volves the 8-bit Accumulator; thus, the Accumulator is used 
in every type of application. In terms of interface and soft- 
ware control, functions of the Accumulator can be summar- 
ized as follows. 

• Data transfers to and from memory are made via 
the Accumulator. 

• Under software control, the low-order or high-order 
data byte of any Pointer Register can be exchanged 
directly with the contents of the Accumulator; data 
can also be exchanged between the Extension Reg- 
ister and the Accumulator. 

• Data can be copied from the Status Register to the 
Accumulator and vice versa. 

• Results of all operations performed by the Arith- 
metic Logic Unit are left in the Accumulator. 

Pointer Registers 

Except for Pointer Register 0 (PO), which is dedicated for 
use as the Program Counter (PC), the remaining three Pointer 
Registers (PI, P2, and P3) are available for addressing mem- 
ory and other peripheral devices. In a given application, a 
Pointer Register might be used as follows: 16 bits (2 bytes) 
of address data are transferred via the Accumulator to a 



designated Pointer Register — say, PI. Now, when an *LD 1' 
Instruction is executed, SC/MP is instructed to load 8-bits 
of data from the external device whose address is specified 
by the contents of PI. Another pointer-P3, for example - 
could be loaded with the memory location in which the 
data are to be stored, that is, an *ST 3' Instruction. When 
this instruction is executed, the foregoing data are transfer- 
red from the Accumulator to the memory location speci- 
fied by P3. 

From a programming point-of-view, certain conventions 
regarding pointer register assignments are beneficial; some 
typical assignments are as follows: 



Pointer Register 1 ROM Pointer 

Pointer Register 2 RAM Pointer 

Pointer Register 3 Subroutine Pointer 

As previously indicated, the low-order or the high-order byte 
of any Pointer Register can be exchanged with the Accumu- 
lator; also, the 16-bit content of the Program Counter (PC) 
can be exchanged with any of the other Pointer Registers. 
Not only are these exchanges useful in implementing the 
addressing schemes of SC/MP, the 16-bit exchange is par- 
ticularly useful in executing subroutine calls. For example, 
using the foregoing convention, Pointer Register 3 is loaded 
with the memory location that just precedes the subroutine 
address; that is, if the subroutine address is X'FEIS, then. 
Pointer Register 3 is set to X'FE14. The content of P3 now 
is exchanged with the Program Counter, and since the PC 
is incremented before the instruction fetch, the instruction 
at address X'FEIS is executed. During subroutine nesting, 
it is important to save the contents of P3 because they are 
the only return link to the basic program. This is easily 
accompHshed via the Accumulator and two store instruc- 
tions — one for the low-order byte and one for the high- 
order byte. The following examples assume that SUBR is 
the label on the first instruction of the subroutine. 
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Figure 1-2. CPU Architecture and Pinouts of SC/MP 
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If multilevel subroutines are used, the current contents of the Pointer Register should be saved on the top of the stack and 
should be restored upon return from the subroutine. 
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A subroutine call can also be implemented via the Jump to 
Subroutine Instruction (JS). The SC/MP assembler treats 
this pseudo instruction the same as any other assembly- 
language statement except that, in this case, one or more 
machine-language instructions are generated. Following is 
an example : 

JUMP TO SUBROUTINE (JS) 

Operation Operands 
Format: JS ptr, expression 



contents of the Pointer Register are exchanged with the 
To implement multilevel (nested) subroutines, a memory 
"stack" is required. In accordance with the foregoing assign- 
ments. Pointer Register 2 can be used as the stack pointer 
in RAM. The address loaded into P2 points to the top of 
the stack; this address is a location in read/write memory, 
contents of the Program Counter. As a result, the next in- 
struction to be executed will be at the location addressed 
by the expression. The Pointer Register will contain the ad- 
dress of the XPPC Instruction, allowing a subroutine return 
to the instruction that follows. 



Memory: 



Generated Code: 



7 bytes 

LDI 

XPAH 

LDI 

XPAL 

XPPC 



H (expression) 
Ptr 

L(expression)-1 

ptr 

ptr 



When a Jump to Subroutine is invoked, the code generated 
results in the setting of the specified Pointer Register (ptr) 
to the value, expression-!. In calculating this value, the 
memory page structure of SC/MP must be considered— refer 
to SC/MP Assembly Language Programming Manual. The 



If P3 is used as a subroutine pointer and its contents are not 
disturbed, the subroutine can be called repeatedly without 
reloading P3. The following setup shows how this can be 
accomplished. 
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• 

XPPC 
JMP 



P3 ^SUBROUTINE RETURN 
SIN ;FOR REENTRY 
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Extension Register 

Basically, the 8-bit Extension Register is a backup for the 
Accumulator as the Accumulator can be loaded from the 
Extension Register with a Load AC from Extension Instruc- 
tion (LDE) or the contents of the two registers can be ex- 
changed with an Exchange AC and Extension Instruction 



(XAE). Also a serial input/output can be implemented via 
the Extension Register and the Serial Input/Output Instruc- 
tion (SIO). Technically, the Extension Register can be 
thought of as a 9-bit register; the additional bit in the output 
latch is useful for implementing 'starts' and 'stops' while still 
maintaining 8 bits of data in the register. A simple sequence 
of instructions to initialize the output latch is shown below. 



INITIALIZE: 



LI 

XAE 
SIO 



LOAD ACCUMULATOR WITH ALL ZEROES 
TRANSFER CONTENTS OF ACCUMULATOR TO 
E-REGISTER 

SET OUTPUT LATCH TO ZERO 



In the first Load Immediate Instruction (LI), the Accumu- 
lator is loaded with all zeroes; the second Exchange AC and 
Extension Instruction (XAE) fills the 8 -bit Extension Reg- 
ister with zeroes. Now, a Serial Input/Output Instruction 
(SIO) is executed; this right-shifts the Extension Register 
one position and brings the data at the serial input (SIN) 
port into the most significant bit position, while shifting a 
'0' into the output latch. (Note: The Extension Register 
also can be used for addressing — refer to "Addressing 
Capabilities and Instruction Set of SC/MP," located later in 



this section, for additional information about addressing.) 
Status Register 

Conditional responses of SC/MP are based on the logic '0' 
or logic '1' states of the 8 bits in this register. As shown in 
figure 1-2, bits 0,1 , and 2, respectively, are dedicated to con- 
trol flags 0, 1, and 2. One or more of the control flags are 
set by loading a bit pattern into the Accumulator and then 
copying the contents of the Accumulator to the Status Reg- 
ister; refer to series of instructions that follows. 



1 
2 
3 

4 

• 



PFLG: LDI 01 ;SET LSB OF ACCUMULATOR TO '1' 

CAS ;SETFLAGOto'r 
LDI 00 ;SET CONTENTS OF ACCUMULATOR 

;EQUAL TO 0 

CAS ;RESET FLAG 0 FROM LOGIC '1' TO 

;LOGIC '0' 



21 
22 



SFLG: 



LDI 
CAS 



03 



SET BIT POSITIONS '0' AND 'V OF 

ACCUMULATOR TO LOGIC '1' 

SET FLAGS 0 AND 1 SIMULTANEOUSLY 



From the preceding instructions, it is readily seen that flags 
0, 1, and 2 are software-controlled to produce a series of 
pulses or a DC level at the output pins in whatever timing 
sequence the appHcation requires. The state of the flags can 



be tested by copying the contents of the Status Register to 
the Accumulator and by using a masking or bit-testing 
operation - similar to the Sense A/Sense B program that 
follows. 
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1 


CSA 




COPY CONTENTS OF STATUS REGISTER INTO ACCUMULATOR 


2 


ANI 


010 


MASK TO TEST SENSE A (BIT 4) 


3 


JNZ 


SASET 


JUMP TO SASET IF SENSE A = 1 


• 
• 






CONTINUE PROGRAM IF SENSE A = 0 


• 

11 


CSA 




COPY CONTENTS OF STATUS REGISTER INTO ACCUMULATOR 


12 


ANI 


020 


;MASK TO TEST SENSE B (BIT 5) 


13 


JNZ 


SBSET 


JUMP TO SBSET IF SENSE B = 1 


• 
• 






;CONTINUE PROGRAM IF SENSE B = 0 


# 

21 


CSA 




•COPY CONTENTS OF STATUS REGISTER INTO ACCUMULATOR 


22 


ANI 


030 


;MASK TO TEST SENSE A AND SENSE B (BITS 4 AND 5) 


23 


JNZ 


ORSET 


;JUMP TO ORSET IF SENSE A OR SENSE B IS EQUAL TO 'V 



;CONTINUE PROGRAM IF BOTH SENSE A AND SENSE B 
;EQUALS '0' 



As shown in the foregoing code, the operational sequence 
for testing each sense input is the same - the only difference 
being that for Sense A the mask coincides with bit 4 and 
that for Sense B it coincides with bit 5 . When the two sense 
lines are tested simultaneously (lines 21, 22, and 23), the 
program does not immediately identify which sense line is 
high but simply jumps to a location (ORSET) if either Sense 
A or Sense B is set. This method of testing might be useful 
in a polling system where time is critical and it takes too 
long to check discretely each sense line every time the pro- 
gram circulates through the polling loop. By simultaneously 
checking both inputs and by jumping to an. appropriate sub- 
routine, software can be used to discriminate between Sense 
A and Sense B - if, in fact, one of the sense inputs is high. 

Many applications require an interrupt input, and the Sense 
A line can be used for this purpose. The SC/MP interrupt 
system is enabled simply by using an Enable Interrupt In- 
struction (lEN) to set bit 3 in the Status Register; alternately. 



the interrupt system can be enabled, first, by setting bit 3 
of the Accumulator to a logic T and, then, by executing a 
copy AC to Status Instruction (CAS). In either case, with 
bit 3 of the status register set to a logic *r, the Sense A line 
becomes an interrupt input - refer to appendix C for im- 
plementation detail of the interrupts. The interrupt system 
can be disabled in either of two ways: (1) a Disable Inter- 
rupts Instruction (DINT) can be used to set bit 3 of the 
Status Register to a logic '0', or (2) the interrupt system 
can be disabled, first, by setting bit 3 of the Accumulator 
to '0' and, then, by executing a Copy AC to Status Instruc- 
tion (CAS). With bit 3 of the Status Register as a logic '0', 
the Sense A input is now returned to the sense mode and its 
function is once again identical to that of Sense B. 

In some apphcations it may be desired to enable (or disable) 
the interrupt line and to set (or pulse) one or more flags 
with the same series of instructions. This can be done 
as follows: 



1 






/ENABLE INTERRUPT (/EN) AND SET FLAG 


2 


CSA 




;COPY STATUS TO ACCUMULATOR 


3 
• 


ORI 

c ' ■ 


009 


;ENABLE INTERRUPT AND SET FLAG 0 


• 
• 

9 






.DISABLE INTERRUPT (DINT) AND RESET FLAG 


10 


CSA 




;COPY STATUS TO ACCUMULATOR 


11 


ANI 


0F6 


;DISABLE INTERRUPT AND RESET FLAG 0 


12 


CAS 




;COPY ACCUMULATOR TO STATUS 
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Bits 4 and 5 of the Status Register correspond, respectively, 
to the Sense A and Sense B inputs. If the Sense A Hne is 
high, a logic T is read into bit 4 of the Status Register, 
whereas if the Sense B line is high, status bit 5 is set to a 
logic *r. The following series of instructions show one way 



to test the Sense A/Sense B status. The code in lines 1,2, 
and 3 tests the status of Sense A (in the sense mode) and 
the code in lines 11, 12, and 13 tests the status of the Sense 
B input; the code in lines 21, 22, and 23 shows how both 
sense lines can be tested simultaneously. 



Bits 6 and 7 of the Status Register provide arithmetic control; these control functions can be summarized as follows: 

Bit 6 — Overflow (OV); this bit is set if an arithmetic overflow occurs during an add instruction (ADD, ADI, or ADE) 
or during a complement-and-add instruction (CAD, CAI, or CAE). Overflow is not affected by the decimal- 
add instructions (DAD, DAI, or DAE). 

Bit 7 — Carry/Link (CY/L); this bit is set if a carry from the most significant bit occurs during an add, a complement- 
and-add, or a decimal-add instruction. The bit is also included in the Shift Right with Link (SRL) and the 
Rotate Right with Link (RRL) Instructions. CY/L is input as a carry into the bit 0 position of the add, 
complement-and-add, and decimal-add instructions. 



SC/MP Pinouts 

As shown in figure 1-3, SC/MP is housed in a 40-pin, dual- 
in-line package. Two of the pins are used for input power 
and two are used for timing; the remaining 36 pins are used 
for control, addressing, and data input/output functions. In 
a usual appUcation, the 8 input/output pins (DB 00 through 
DB 07) are connected to a common data bus and the 1 2 ad- 
dress pins (AD 00 through AD 1 1) are connected to a com- 
mon address bus. In conjunction with bus access and other 
appropriate control signals, three functions are implemented: 
(1) 8-bit data are input to SC/MP, (2) 8-bit data are output 
from SC/MP, and (3) address and status information are 
output from SC/MP. Timing detail and a description of each 
pinout are described in other documents; however, as an 
applications convenience, these functions are summarized, 
respectively, in figure 14 and table 1-1. 



s 



c 

M 



40}. 



39} - 



Vgg 

NADS 

35] X2 

37] XI 

36] AD 11 

35] AD 10 



32} - 

30\ - 



' AD 09 
ADOS 

- AD 07 

• AD 06 
> ADOS 

- AD 04 

• AD 03 
■ AD 02 

- AD 01 
AD 00 

SIN 

SOUT 

FLAG 2 

21] FLAG1 



28} - 

m- 

25}- 

23}- 



Figure 1-3. 40-Pin SC/MP Chip 
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I V90 



f«-100mMC -H 

ITypical) 



300r7scc • 




— ^A. 




NWDS 

(NRDS IS ACTIVE HIGH 
DURING OUTPUT CYCLE) 



A. 



(mix) 



-1 



I 

I 



H — 200 77 



4>- 



7 



^ start"^ 




1. ENOUT is always 
low whil* SC/MP is 
actually using bus, 
that is, EN IN input 
and BREQ output 
ara high. 

2. Whan SC/MP is not 
using bus (BRtQ 
output or EN IN 
input low), ENOUT 
is hdd in sanw stata 
as ENIN input. 



EXECUTE DATA TRANSFER] 
lADDRESS OUTPUT; 
THEN READ OR WRITE) 



II' 



BREQ PULLED TO Vgg 
BY EXTERNAL LOAD 
RESISTOR 



^INITIALIZER 




INCREMENT PC; 
FETCH INSTRUCTION; 
EXECUTE INSTRUCTION 



Figure 1—4. SC/MP Timing (Based on 1-MHz Crystal) and Processing Sequences 
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Table 1-1. Description of SC/MP Pinouts 





Basic 
Function 


Design Considerations 


BBI 


Basic 
Function 


Design Considerations 


XI 

EB 


Timing 


Connect capacitor between these pins 
for applications where timing is not 


NRST 


Negative 
Reset 


When this input is set low, in-process oper- 
ations are aborted. 


X2 




critical J use crystal where timing is 








■n 

Uil 




criTicai. \rieTer lo Mppciiuix aa iui 


NHOLD 


Wait 


In conjunction with CONT, the NHOLD 






U(Ji 1 ipul ici 1 1 idl d^^ ici i^d liu 1 1 diiu iiic 


a 


input can be used to implement single 






1 ICO ovt'orn^l f^\f\f^\t 1 

UbC Ul dll CAlCMldl CIvJl'IV./ 






cycle/single-instruction control of SC/MP 




Power 








— refer to figure 1-4e for extended input/ 


m 


V55 = +5V (±5%) 






output timing. 






Vqq = -7V (±5%) 








Da 




SIN 


Serial Input/ 


When the SIO instruction is executed. 


Sense A 


External 


These TTL-level inputs are connected 


EB 


Output 


the MSB of the input data is shifted into 


MSM 


sensing and 


directly to bit positions 4 and 5 of the 


SOUT 




the MSB of the extension register, and the 


Sense B 


software- 


status register. Both bits can be copied 


Bl 




LSB is shifted from the E-Register to an 


m 


controlled 
interrupt 


from the status register to the accumu- 
lator but neither bit can be written into 
from the accumulator, that is, they are 
"read only" inputs. With the interrupt 
armed (bit 3 of status register set high), 






output latch, that is, the contents of the 
register can be changed without affecting 
the state of the output latch. 






the Sense A pin becomes the interrupt 




Negative 


Whpn IniAi inHipfltp^ \y;4liH aririrp^^ unci 






inniJl" coo 'finliro 1 -^n ^r\r r\ri^r*occii^n 

iM^ui — occ iiyuic 1 "ry iKJi |Ji (jucasi 1 ly 


ED 


Address 


Status outputs are present on the system 






sec|uence of interrupt recjuest and 




Strobe 


buses. The NADS leading edge of the 






/XnnpnHiv fr»r imr*lom<»ntatir»n Hptail 

\^ IVJt 1 1 1 1 ^1 1 It^l 1 Ld L 1 Ul 1 IJt^ldll 






strobe can be used to externally 






of the interrupt system. 






latch input/output status and the four 










MSB of the 16-bit address; refer to fig- 


Flag 0 


External 


Each flag output is TTL-compatible and 






ures 1-4c, 1-4d, and 1-4e for I/O timing 


■a 

Flag 1 


control of 


can drive a 1 .6-milliampere load. The 






of NAD^ 


peripherals 


flags are software-controlled and can be 








o 

Flag 2 




set or pulsed in a single or multiple 


NRDS 


Negative 


A Tri-State output that, when low. 




sequence. 


n 


Read Strobe 


indicates SC/MP is ready to accept data 










from the 8-bit input/output bus; as 




Bus-Access, 








shown in figure 1-4c, data are input on 


BREQ 


In simple stand-alone applications. 






the trailing edge of this strobe. 


a 


DMA, and 


BREQ can be connected to Vqq through 






ENIN 


Multiprocessor 


a 6.8 kilohm resistor, ENOUT can be ig- 








D 


Control 


nored, and ENIN can be connected to 


NWDS 


Negative 


A Tri-State output that, when low, indi- 


ENOUT 




Vgg so that the SC/MP microprocessor 




Write Strobe 


cates output data from SC/MP is valid 


a 




has access to system buses whenever the 






on 8-bit input/output bus; refer to figure 






BREQ pin is high. In systems that require 






1 -4d for output timing. 






bus-sharing, the common bus-request 










line is continually tested by each micro- 




Input/Output 








processor; when the request line is low. 


DB 00-07 


At NADS time, I/O status and 4-MSB of 






system buses can be accessed, and if 




data 


16-bit address are output from SC/MP; 






BREQ and ENIN are set high, bus access 






at NRDS time, data are input to SC/MP 






is granted. 






and, at NWDS time, data are output 
from SC/MP. Each pin is bidirectional 


CONT 


Start/Stop 


Permits suspension of operations with- 






and Tri-State. 


D 




out loss of internal status. Can be used 
with 'HALT' flag to implement a pro- 












grammed halt; also, can be used with 


ADOO- 


Latched 


At NADS time, the 12-bit latched 






NHOLD (Wait) signal to implement 


11 


Address 


address is valid and, as shown in figures 






singlB-cycle/single-instruction control 


EH 




1 -4c and 1 -4d, a read or write function 






of microprocessor. 


...EH 




then is implemented. 



*Refer to SC/MP data sheet for minimum/maximum values. 



MO 



ADDRESSING CAPABILITIES AND INSTRUCTION 
SET OF SC/MP 

Addressing 

During execution, instructions and data defined in a program 
are stored into and loaded from specific memory locations, 
the Accumulator, or selected registers. Because SC/MP mem- 
ory (read/write and read-only), and peripherals are on a 
common data bus, any instruction used to address memory 
may be used to address the peripherals. The formats of the 
instruction groups that reference memory are shown below. 



7 .... 3 


2 


1 . 0 


opcode 


m 


ptr 


7 .... 3 2 


1 . 0 


opcode 


ptr 



disp 



disp 



Memory 

Reference 

Instructions 

Memory 

Increment/ 

Decrement 

Instructions 

and Transfer 

Instructions 



Memory-reference instructions use the PC-relative, indexed, 
or auto-indexed methods of addressing memory. The 
memory-increment/decrement instructions and the transfer 
instructions use the PC-relative or indexed methods of ad- 
dressing. The various methods of addressing memory and 
peripherals are shown below. 



Type of 


Operand Formats 


Addressing 


m 


ptr 


disp 


PC-relative 


0 


0 


-128* to +127 


Indexed 


0 


1,2,or3 


-128* to +127 


Immediate"!^ 


1 


0 


-128* to +127 


Auto-indexed 


1 


l,2,or3 


-128* to +127 



For PC-relative, indexed, and audo-indexed memory- 
reference instructions, another feature of the addressing 
architecture is that the contents of the Extension Regis- 
ter are substituted for the displacement if the instruc- 
tion displacement equals -128 (X'80). 
Immediate addressing is an addressing format specific to 
immediate instructions. 



NOTE 

All arithmetic operations associated with 
address format affect only the 12 low- 
order address bits; no carry is provided to 
the 4 high-order bits. For systems employ- 
ing memories of 4K or less, the high-order 
bits can be ignored, as they are set to 0000 
following initialization. For systems em- 



ploying larger memories, the high-order 
bits must be set to the starting address of 
the desired 4K block of memory. For ex- 
ample, when the 4 high-order bits are 
0001 2, memory locations IOOO16 - 
IFFF16 addressed; when OOIO2, 
memory locations 2000i6 - 2FFFi6 
are addressed; and so forth. 



PC-Relative Addressing 

A PC-relative address is formed by adding the displacement 
value specified in the operand field of the instruction to the 
current contents of the Program Counter. The displacement 
is an 8-bit twos-complement number, so the range of the 
PC-relative addressing format is -127 10 to +127 10 locations 
from the current contents of the Program Counter. 

Immediate Addressing 

Immediate addressing uses the value in the second byte of a 
double-byte instruction as the operand for the operation to 
be performed. For example, compare a Lx)ad Instruction 
(LD) to a Load Immediate Instruction (LDI). The Load 
Instruction uses the contents of the second byte of the 
instruction in computing the effective address of the data 
to be loaded. The Load Immediate Instruction uses the con- 
tents of the second byte as the data to be loaded. 

Indexed Addressing 

Indexed addressing enables the programmer to address any 
location in memory through the use of the Pointer Register 
and the displacement value of an instruction. When indexed 
addressing is specified in an instruction, the contents of the 
designated Pointer Register are added to the displacement 
to form the effective address. The contents of the Pointer 
Register are not modified by indexed addressing. 

Auto-Indexed Addressing 

Audo-indexed addressing provides the same capabilities as 
indexed addressing along with the ability to increment or 
decrement the contents of the designated Pointer Register 
by the value of the displacement. If the displacement is less 
than zero, the contents of the Pointer Register is decre- 
mented by the displacement before the contents of the ef- 
fective address are fetched or stored. If the displacement is 
equal to or greater than zero, the contents of the Pointer 
Register are used as the effective address, and the contents 
of the Pointer Register are incremented by the displacement 
after the contents of the effective address are fetched or 
stored. 
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Instruction Set 

The SC/MP instruction set provides the general-purpose 
user of microprocessors a powerful programming capabiUty 
along with above-average flexibiUty and speed. The instruc- 
tion set consists of 46 instructions, which comprise 8 gen- 
eral categories. A listing of the complete instruction set is 
provided in table 1-2; typical instruction execution times 
are given in table 1-3, and notations and symbols used as 
shorthand expressions of instruction capabiUty are defined 
in table 1-4. 

The instruction set includes both single-byte and double- 
byte instructions. A single-byte instruction consists of an 8- 



bit operation code that specifies an operation that SC/MP 
can execute without further reference to memory. A double- 
byte instruction consists of an 8-bit operation code and an 
8-bit data or displacement field. When the second byte 
represents a data field, the data are processed by SC/MP 
during execution of the instruction, thereby eliminating the 
need for further memory references. When the second byte 
represents a displacement value, it is used to calculate a 
memory address that will be accessed (written into or read 
from) during execution of the instruction. 

Figure 1 -5 provides a flowchart that illustrates the execution 
sequence for the various classes of SC/MP instructions. 



Table 1-2. SC/MP Instruction Summary 



Mnemonic 


Description 


Object Format 


Operation 


Micro- 
Cyqles 


DOUBLE-BYTE INSTRUCTIONS 


LD 

ST 

AND 

OR 

XOR 

DAD 

ADD 

CAD 


Memory Reference Instructions 

Load 
Store 
AND 
OR 

Exclusive-OR 
Decimal Add 
Add 

Complement and Add 


7 6 543210 


7 6 543210 


(AC)^(EA) 
(EA)^(AC) 
(AC)-(AC) (EA) 
(AC)^(AC) V (EA) 
(AC)^(AC) V (EA) 

(AC)^(AC)io + (EA)io + (CY/L);(CY/L) 
(AC)^(AC) + (EA) + (CY/L);(CY/L),(OV) 
(AC)^(AC) +~(EA) + (CY/L);(CY/L),(OV) 


18 
18 
18 
18 
18 
23 
19 
20 


11000 


m 


ptr 


disp 


11001 


m 


ptr 


disp 


110 10 


m 


ptr 


disp 


110 11 


m 


ptr 


disp 


11100 


m 


ptr 


disp 


1110 1 


m 


ptr 


disp 


11110 


m 


ptr 


disp 


11111 


m 


ptr 


disp 


ILD 
DLD 


Memory Increment/Decrement Instructions 

Increment and Load 
Decrement and Load 


765432 


1 0 


765432 10 


(AC), (EA)^(EA) + 1 
(AC), (EA)^(EA) - 1 


22 
22 


10 10 10 


ptr 


disp 


10 1110 




LDI 
ANI 
ORI 
XRI 
DAI 
ADI 
CAI 


Immediate Instructions 

Load Immediate 
AND Immediate 
OR Immediate 
Exclusive-OR Immediate 
Decimal Add Immediate 
Add Immediate 

Complement and Add Immediate 


765432 10 


7654321 0 


(AC)^data 
(AC)^(AC) data 
(AC)^(AC) V data 
(AC)^(AC) V data 

(AC)^(AC)io + dataio + (CY/L);(CY/L) 
(AC)^(AC) + data + (CY/L);(CY/L),(OV) 
(AC)^(AC) +-'data + (CY/L);(CY/L),(OV) 


10 
10 
10 
10 
15 
11 
12 


1 1000 100 


data 


110 10 100 


data 


110 11100 


data 


11100100 


data 


1110 1100 


data 


11110 100 


data 


11111100 


data 


JMP 
JP 
JZ 
JNZ 


Transfer Instructions 

Jump 

Jump if Positive 
Jump if Zero 
Jump if Not Zero 


765432 


1 0 


765432 10 


(PC)^EA 

If (AC)^O, (PC)^EA 
If (AC) = 0, (PC)^EA 
If (AC) ^0, (PC)^EA 


11 

9, 11 
9, 11 
9, 11 


100 100 


ptr 


disp 


100101 


ptr 


disp 


100110 


ptr 


disp 


100111 


ptr 


disp 


DLY 


Double-Byte Miscellaneous Instructions 

Delay 


765432 10 
10001111 


765432 10 
data 


count AC to -1, 

delay = 13 + 2(AC) + 2 disp + 29 disp 
microcycles 


13 to 
131, 593 
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Table 1-2 (Concluded) 



Mnemonic 


Description 


Object Format 


Operation 


Micro- 
Cycles 


SINGLE-BYTE INSTRUCTIONS 




Extension Register Instructions 


7654321 0 






LDE 


Load AC from Extension 




0 1000000 




(AC)^(E) 


6 


XAE 


Exchange AC and Extension 




0000000 1 




(AC)--(E) 


7 


ANE 


AND Extension 




0 10 10000 




(AC)<-(AC) (E) 


6 


ORE 


OR Extension 




0 10 11000 




(AC)^(AC) V (E) 


6 


XRE 


Exclusive-OR Extension 




0 1100000 




(AC)^(AC) V (E) 


6 


UAt 


Decimal Add Extension 




0 110 1000 




(AUl-^-iAL) lO ^ t'^MO ^ (CY/L),(LY/L) 


1 1 


Anp 
MU c 


Add Extension 




0 1 1 10000 






7 




Complement and Add Extension 




0 1111000 




IAC\<-{AC\ 4- '^(^\ 4- irv/i \-ir'y/\ \ tr\\/\ 


Q 

0 




Pointer Register Move Instructions 


765432 10 






VD A 1 


Exchange Pointer Low 




00 1 100 


Ptr 




/Ar'\^/DTQ-. n\ 

(AD^^lr 1 nyg) 


Q 


VD A LJ 

Ar AH 


Exchange Pointer High 




00 1 10 1 


ptr 




(RLj-^^r 1 H 15:8) 


8 


ArrU 


Exchange Pointer with PC 




0 0 1111 


ptr 




(rL)'<-^(r 1 h ) 


/ 




Shift, Rotate, Serial I/O Instructions 


7 6 543210 






SIO 


Serial Input/Output 




000 1100 1 




(Ei)-(Ei.i),SIN-(E7), (Eo)^SOUT 


5 


SR 


Shift Right 




000 11100 




{ACi)^(ACi.i),0-(AC7) 


5 


SRL 


Shift Right with Link 




00011101 




(ACi)^(ACi.i), (CY/L)^(AC7) 


5 


RR 


Rotate Right 




000 111 


1 0 




(ACi)-(ACj.i), (ACo)^(AC7) 


5 


RRL 


RntatP Rinht with 1 ink 




000 111 


1 1 




(AC;)->(AC; 1 ) ( ACril-^ICY/D-^f AC7) 


5 




Single-Byte Miscellaneous Instructions 


7 6 543210 






HALT 


Halt 




00000000 




Pulse H-flag 


8 


CCL 


Clear Carry/Link 




000000 10 




(CY/L)-0 


5 


SCL 


Set Carry/Link 




000000 1 1 




(CY/L)-1 


5 


DINT 


Disable Interrupt 




00000 100 




(lE)-O 


6 


lEN 


Enable Interrupt 




00000 10 1 




(IE)-1 


6 


CSA 


Copy Status to AC 




00000 1 


1 0 




(ACK(SR) 


5 


CAS 


Copy AC to Status 




00000 1 1 1 




(SR)^(AC) 


6 


NOP 


No Operation 




0000 1000 




None 


5 















Table 1-3. instruction Execution Time 



Instruction 


Read 
Cycles 


Write 
Cycles 


Total 
Microcycles 


ADD 


3 


0 


19 


ADE 


1 


0 


7 


ADI 


2 


0 


11 


AND 


3 


0 


18 


ANE 


1 


0 


6 


ANI 


2 


0 


10 


CAD 


3 


0 


20 


CAE 


1 


0 


8 


CAI 


2 


0 


12 


CAS 


1 


0 


6 


CCL 


1 


0 


5 


CSA 


1 


0 


5 


DAD 


3 


0 


23 


DAE 


1 


0 


11 


DAI 


2 


0 


15 


DINT 


1 


0 


6 


DLD 


3 


1 


22 


DLY 


2 


0 


13- 131593 


HALT 


2 


0 


8 


lEN 


1 


0 


6 


ILD 


3 


1 


22 


JMP 


2 


0 


11 


JNZ 


2 


0 


9, 1 1 for Jump 



Instruction 


Read 
Cycles 


Write 
Cycles 


Total 
Microcycles 


JP 


2 


0 


9, 1 1 for Jump 


JZ 


2 


0 


9, 1 1 for Jump 


LD 


3 


0 


18 


LDE 


1 


0 


6 


LDI 


2 


0 


10 


NOP 


1 


0 


5 


OR 


3 


0 


18 


ORE 


1 


0 


6 


ORI 


2 


0 


10 


RR 


1 


0 


5 


RRL 


1 


0 


5 


SCL 


1 


0 


5 


SIO 


1 


0 


5 


SR 


1 


0 


5 


SRL 


1 


0 


5 


ST 


2 


1 


18 


XAE 


1 


0 


7 


XOR 


3 


0 


18 


XPAH 


1 


0 


8 


XPAL 


1 


0 


8 


XPPC 


1 


0 


7 


XRE 


1 


0 


6 


XRI 


2 


0 


10 
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Table 1-4. Symbols and Notations Used to Express Instruction Execution 



Symbol and 
Notation 

AC 

CY/L 
data 

disp 

EA 

^ E 



IE 
m 
OV 
PC 

Ptr 

Ptrn:m 
SIN 
SOUT 
SR 



[ ] 



@ 

10+ 

A 

V 

-V- 



Meaning 

8-bit Accumulator. 

Carry/Link Flag in the Status Register. 

8-bit immediate data field. Data may represent a signed or unsigned twos complement number or two 
binary-coded-decimal (BCD) numbers. 

Displacement; represents a signed 8-bit address modifier in a memory reference, memory increment/ 

decrement, or transfer instructipn. 

Effective Address as specified by the instruction. 

Extension Register; provides for temporary storage, variable displacements and separate serial input/output 
port. 

Represents a bit in one of the bit positions, 7 through 1, of the Accumulator or the Extension Register. 
Interrupt Enable Flag. 

Mode bit, used in memory reference instructions. Blank parameter sets m = 0, @ sets m = 1. 
Overflow Flag in the Status Register. 

Program Counter (Pointer Register 0); during address formation, PC points to the last byte of the 
instruction being executed. 

Pointer Register (ptr = 0 through 3). The register specified in byte 1 of the instruction. 
Pointer register bits; n:m = 7 through 0 or 15 through 8. 
Serial Input pin. 
Serial Output pin. 
8-bit Status Register. 

Means "contents of." For example, (EA) is contents of Effective Address. 

Means optional field in the assembler instruction format. 

Ones complement of value to right of ^. 

Means "replaces." 

Means "is replaced by." 

Means "exchange." 

When used in the operand field of the instruction, sets the mode bit (m) to 1 for auto-incrementing/auto- 
decrementing indexing. 
Modulo 10 addition. 
AND operation. 
Inclusive-OR operation. 
Exclusive-OR operation. 
Greater than or equal to. 
Equals. 

Does not equal. 
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c 




1 INCREMENT PC 

2 OUTPUT NADS. PC AODBtSS. 
I FLAG. R FLAG 

3 OUTPUT NROS. STORE FIRST 
8YTE OF INSTRUCTION IN 
INSTRUCTION REGISTER 



) INCREMENT PC. 

2 OUTPUT NADS. PC ADDRESS. 
I FLAG. R FLAG 

3 OUTPUT NROS. STORE FIRST 
BYTE OF INSTRUCTION IN 
INSTRUCTION REGISTER 



1 INCREMENT PC. 

2 OUTPUT NADS. PC ADDRESS. 
I FLAG. R FLAG. 

3 OUTPUT NROS. STORE FIRST 
IVTE OF INSTRUCTION IN 
INSTRUCTION REGISTER 



MEMORY 
INCREMENT' 
DECREMENT 
INSTRUCTIONS 



1 INCREMENT PC 

2 OUTPUT NADS. PC ADDRESS. 
I FLAG. R FLAG 

3 OUTPUT NRDS. STORE FIRST 
BYTE OF INSTRUCTION IN 
INSTRUCTION REGISTER 



1 RELEASE BUSIBREQ 
GOES LOW! 

2 DECODE AND EXECUTE 
INSTRUCTION 



t RELEASE BUSIBREQ 

GOES LOW! 
2 DECODE FIRST BYTE OF 

INSTRUCTION 



1 RELEASE BUS (BREQ 
GOES LOW) 

2 DECODE FIRST BYTE OF 
INSTRUCTION 



1 RELEASE BUS (BREQ 
GOES LOW) 

2 DECODE FIRST BYTE OF 
INSTRUCTION 




1 OUTPUT NADS 
PC ADDRESS. 

H FLAG. R FLAG 

2 OUTPUT NRDS 




1 INCREMENT PC 

2 OUTPUT NADS. PC ADDRESS 

R FLAG (IF DELAY INSTRUCTION 
ALSO OUTPUT 0 FLAG) 

3 OUTPUT NRDS. STORE SECOND 
BYTE OF INSTRUCTION IN DATA 
I'D REGISTER 



1 INCREMENT PC 

2 OUTPUTNAOS. PC ADDRESS 
RFLAG 

3 OUTPUT NRDS. STORE SECOND 
BYTE OF INSTRUCTION IN DATA 
I/O REGISTER 



1 RELEASE BUS (BREQ 
GOES LOW) 

2 EXECUTE INSTRUCTION 



1 RELEASE BUS (BREQ 
GOES LOW) 

2 COMPUTE EFFECTIVE 
ADDRESS 




1 OUTPUT NADS EFFECTIVE 
ADDRESS. R FLAG 

2 OUTPUT NROS STORE 
CONTENTS OF EFFECTIVE 
ADDRESS IN DATA I/O 
REGISTER 



1 RELEASE BUS (BRED 
GOES LOW) 

2 EXECUTE INSTRUCTION 



1 OUTPUT NADS EFFECTIVE 
ADDRESS 

2 OUTPUT NWDS AND DATA 
BYTE 




1 INCREMENT PC 

2 OUTPUTNAOS. PC ADDRESS. 
R FLAG 

3 OUTPUT NRDS. STORE SECOND 
BYTE OF INSTRUCTION IN DATA 
I/O REGISTER 



1 RELEASE BUS (BREQ 
GOES LOW) 

2 COMPUTE EFFECTIVE 
ADDRESS 




1 OUTPUT NADS. EFFECTIVE 
ADDRESS. R FLAG 

2 OUTPUT NRDS STORE CONTENTS 
OF EFFECTIVE ADDRESS IN AC 

3 EXECUTE INSTRUCTION (I E 
INCREMENT OR DECREMENT 
VALUE IN AC) 



1 OUTPUTNAOS EFFECTIVE 
ADDRESS 

2 OUTPUT NWOS AND INCREMENTED 
DECREMENTED CONTENTS OF 
EFFECTIVE ADDRESS 



-0 .-6 ^ 
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Figure 1-5. SC/MP Program Execution 
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IMPLEMENTING A MINIMUM (LOW-COST) 
SC/MP SYSTEM 

The preceding information can be summarized to say that 
SC/MP is a complete CPU without an on-chip memory. The 
stand-alone CPU is an advantage because memory require- 
ments are frequently an applications function and, with 
SC/MP, the user can select the memory that is best suited 
for a particular use. With the addition of memory, a SC/MP- 
based low-cost system can be developed easily; such a sys- 
tem is shown in figure 1-6. This 2-chip system (SC/MP plus 
memory) is a minimal configuration that may be used in 
kjsome applications, a few of which are described later in this 
|book. This particular system can be used in many security- 
^try applications — to open a door or to gain coded-access 
to files, safes, and so forth. Operation of the system is sum- 
marized as follows: 

• 8-bit employee-access code is input one bit at a 
time via the DATA SET and DATA ENTER 
switches. 

• Entered code is compared to a prestored reference 
in memory. 

• If code is vaUd, ACCEPT indicator Ughts and LOCK 
opens; if code is invalid, REJECT indicator lights 
and system is reset to zero. 

The system must indicate to the employee \yhen to enter 
data; this is done via flag 0 (FO) and its associated ENTER 
DATA indicator. When the indicator is Ht, the system is 
ready to accept data, and when the indicator is extinguished, 
the system is reading the status of the DATA SET switch. 
Flags 1 and 2, respectively, are used to specify code-accept 
and code-reject conditions. In keeping with the theme of 
minimum cost, LEDs are used for the enter-data, code- 
accept, and code-reject indicators; since the devices are 
inherently current-Hmiting, no surge resistor is required in 
the base of the transistor and no series resistor is required in 
the collector circuit. 

One other function is required for system operation — some 
way of determining when 8 bits (the complete access code) 
are entered. Referring to the Extension Register and output 
latch shown as a screened inset in figure 1-6, it is seen that 
if the most significant bit (bit 7) is preloaded with a T and 
then the 8-bit access code is inputted, the preloaded value 
of *r is shifted into the output latch. If the latch is pre- 
loaded with a '0' (which is done by the software) and is 
connected to Sense A of SC/MP, the system can determine 
when the code is complete (8 bits are entered) simply by 
checking Sense A after the entry of each bit. When Sense A 
is equal to T, the input code is accepted, compared with a 
prestored reference, and if the two codes are in agreement, 



the lock is opened. If the two codes do not agree, the RE- 
JECT indicator lights. 

Reviewing the operation, the user looks to see if the ENTER 
DATA indicator is Ut — if it is Ht, the least significant bit 
of the authorization code is selected with the DATA SET 
switch and entered with the ENTER DATA pushbutton. 
While this bit is being read, the ENTER DATA indicator 
extinguishes and then comes back on; at this time, the set- 
data/enter-data sequence is repeated for the second bit of 
the access code. At the end of the eighth entry, a '1' appears 
at the serial output port (Sense A). The Sense A Hne is 
tested at the completion of each entry, and when the output 
latch is equal to '1', the code is complete and is checked 
against a prestored reference for vaUdity. The program is 
setup such that each entry is timed for 20 seconds; if the 
next bit is not entered within this time period, the system 
resets to all zeroes. This prevents partial entries from disabl- 
ing the system. 

EXPANDING THE SECURITY ENTRY SYSTEM 

In the preceding system, coded access is provided for a 
'^single" lock, drawer, or door. The same basic system can 
be expanded to serve several access points; such a system is 
shown in figure 1-7. The added component is a CMOS 1-of- 
10 line decoder with a high-current puUup capability at the 
output. As shown, three inputs to the decoder are supplied 
by flags 0, 1, and 2; the fourth input is supplied by the 
inverted output of the SOUT line. Code-entry and code- 
reject features are similar to those shown in figure 1-6. As 
long as the serial output (SOUT) line is a logic '0' and every 
flag is a logic '0', the DATA ENTRY line (pin 9) is selected. 
When flag 0 is high and other inputs are the same as before, 
the REST (ready for data) line is selected. 
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TRANSISTOR ARRAY 
(LM3046N) 



THIS PROGRAM CONVERTS THE SC/MP MINIMUM 
SYSTEM TO AN ELECTRONIC COMBINATION LOCK. 
DATA IS SET ON THE SERIAL ENTRY LINE 
AND IS ENTERED BY PULSING THE SB INPUT. 

F0 IS 'ENTER DATA' LAMP 
Fl IS 'ACCEPI' LAMP 
F2 IS 'REJECT' LAMP 
SERIAL OUT CONNECTS TO SA 
SB IS DATA BIT STROBE 




ENTER 
DATA 



// 

\ NS( 

// 



JUMPER HERE 
FOR INDICATOR 
PLUS TRIAC 
DRIVE 




0137 mti 


ENT: 


LDI 


0 


CLEAR ACCUMULATOR 


0139 07 




CAS 




CLEAR STATUS REGISTER 


01 3A 01 




XAE 




CLEAR E REGISTER 


013B 19 




SIO 




CLEAR SERIAL OUT LATCH 


01 3C C400 




LDI 


080 


SET ACCUMULATOR MSB = 1 


01 3E 01 




XAE 




SET E REGISTER MSB = 1 


01 3F C401 


TED: 


LDI 


01 


SET ACCUMULATOR = 1 


0141 07 




CAS 




TURN ON 'ENTER DATA' LIGHT 


0142 06 


TSTl: 


CSA 




LOAD STATUS INTO ACC 


0143 D42U 




AN I 


020 


TEST FOR SB = 1 


0145 98FB 




JZ 


TSTl : 


GO BACK IF SB NOT = 1 


0147 C4FF 




LDI 


0FF 


SET UP .6 SECOND DELAY 


0149 0FFF 




DLY 


0FF 


EXECUTE .6 SECOND DELAY 


01 4B 06 




CSA 




LOAD STATUS INTO ACC 


01 4C D420 




AN I 


020 


BOUNCE TEST 


01 4E 98E7 




JZ 


ENT 


IF NOT STILL 1 START OVER 


0150 C400 




LDI 


0 


IF SB STILL-1 CONTINUE 


0152 07 




CAS 




TURN OFF 'ENTER DATA' LAMP 


0153 19 




SIO 




ENTER BIT INTO SERIAL INPUT 


0154 C4FF 


TST2: 


LDI 


0FF 


SET UP .6 SECOND DELAY 


0156 0FFFF 




DLY 


0FF 


EXECUTE .6 SECOND DELAY 


0158 06 




CSA 




WAIT FOR SB TO DROP 


0159 D420 




AN I 


020 


IS SB STILL HIGH? 


01 5B 9CF7 




JNZ 


TST2 


GO BACK IF SWITCH HIGH 


01 5D 06 


TST3: 


CSA 




LOOK FOR STOP BIT = 1 


015E D410 




AN I 


C10 


MASK STOP BIT 


0160 98DD 




JZ 


TED 


IF STOP BIT NOT 1 DO AGAIN 


0162 C01A 


TST4: 


LD 


CODE 


LOAD CORRECT BIT PATTERN 


0164 60 




XRE 




XOR RECEIVED BIT PATTERN 


0165 9C04 




JNZ 


REJECT 


IF RESULT = 0 TAKE NEXT INST 


0167 C402 


ACCEPT: 


LDI 


02 


SET CODE FOR ACCEPT LAMP 


0169 9002 




JMP 


DELAY 


GO TO DELAY ROUTINE 


01 6B C404 


REJECT: 


LDI 


04 


SET CODE FOR REJECT LAMP 


01 6D 07 


DELAY: 


CAS 




TURN ON APPROPRIATE LAMP 


01 6E C405 




LDI 


05 


SET UP 5 BIT COUNT 


0170 01 


LOOP: 


XAE 


TRANSFER COUNT TO E REG 


0171 C4FF 




LDI 


0FF 


SET UP .6 SECOND DELaY 


0173 0FFF 




DLY 


0FF 


, EXECUTE .6 SECOND DELAY 


0175 02 




CCL 


PRESET CARRY 


0176 C4FF 




LDI 


0FF 


, SUBTRACT 1 FROM COUNT 


0178 T0 




ADE 


COUNT IS IN E REG 


0179 9CF5 




JNZ 


LOOP 


, NO-CONTINUE 3 SECOND DELAY 


01 78 90BA 




JMP 


ENT 


, YES-START OVER ! ! ! ! 


01 7D 00 


CODE: 


.BYTE 


00 


, CORRECT WORD 


0000 




.END 


0 
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Figure 1-6. Minimum Security System Using SC/MP and PROM 



AC 

SOURCE 
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Figure 1-7. Expanded Security System Using SC/MP, PROM, a 4-by-lO Decoder, and Miscellaneous Components 



BUFFERING AND INTERFACE CHARACTERISTICS 
OF SC/MP 

In any application, buffering and interfacing capabilities of 
SC/MP are important design considerations; the following 
sections are addressed to these parameters. 

TTL/MOS Interfaces 

From an overall interface point-of-view, the current and 
voltage characteristics of SC/MP are summarized as follows. 

• Except for BREQ (pin 5) and XI /X2 (pins 37/38), 
all input pins typically present a 1 .4-milliampere 
TIL load to any driving device. 

• Except for BREQ, all output pins can drive a 1 .6- 
milliampere TTL load. 

• With Vss = +5 V and Vgg = -7V, SC/MP is voltage- 
compatible with TTL devices; thus, it can interface 
directly with TTL logic. Direct interface with 
5-volt MOS logic also can be implemented. 

NOTE 

Refer to SC/MP Data Sheet for minimum/ 
maximum input/output specifications. 

To minimize buffering requirements, it is advantageous to 
use MOS, or Low-Power TTL devices for direct interface 
with SC/MP. Usually, the low-power devices present much 
less than a 1 .6-milliampere load and their propagation delay 
times compare favorably with the timing parameters of 
SC/MP. 



Buffering SC/MP 

As indicated in the preceding paragraph, SC/MP can gener- 
ally interface with MOS and low-power TTL circuits with- 
out the use of buffers. In applications where the SC/MP 
drives more than one TTL load, buffering is required. One 
method of buffering SC/MP outputs is shown in figure 1-8. 
To minimize component count and to conserve power, 
low-power Schottky TRI-STATE® octal buffers are used; 
in addition to data-, address-, and control-line buffering, 
the high-order address bits (AD 12-AD 15) are latched to 
support large memories and/or a full complement of input/ 
output peripherals. Each buffered output line can drive 10 
or more TTL loads - approximately 16 milliamperes. 
To determine if buffered or direct-to-chip connections 
are required for a particular appUcation, the user must 
consider carefully such system parameters as overall load- 
ing, sink-current capabiHties of SC/MP, duty cycle, peak 
power, and so on. Refer to the SC/MP Data Sheet for 
parametric specifications. 

The power-up and initiaUzation circuit shown in figure 1-8 
is designed to accommodate any *clock' technique (appen- 
dix A) that is used with SC/MP. An RC network can be 
used for the NRST input but does not provide timing that 
is as precise and probably not as rehable as would be pro- 
vided by the Schmitt Trigger. (Note: If a manual reset is 
desired, a switch can be connected from the input of the 
Schmitt trigger to ground.) 



® Registered trademark of the National Semiconductor 
Corporation 
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BREQ 




DB0-DB7 


s 


NRST 


1. 
w 

/ 




M 


AD0-AD7 


1 


> 

AD8-AD11 




FLAG 0/1/2 




AND SOUT 




NWDS 




NRDS 




NADS 



+5V 



O.lMf. 
50V ' 



NOTE 2 



5.1K 



->JIv-JfNOTE 



02 
4275 



2Mf 
+5V 



L_o^^^^_i_ NRDS . 




3 



+5V 
:'4.7K 




'^>o 



LATCHED HIGH ORDER 
ADDRESS BITS 



^^^^^^"^^BUFFER 



LATCHED INVERTED 
HIGH-ORDER ADDRESS BITS 



BUFFERED DATA BUS 



NOTES: 

1. QUAD 2-input NAND Schmitt Trigger (DM74LS132) or 
Equivalent 

2. Tri-State Octal Buffer (DM 81LS95/DM 81LS97) or 
Equivalent 

3. HEX/Quad D Flip-Flops with Clear (DM 74LS175) 

4. HEX Inverter (DM 74L04) or Equivalent 

5. Refer to SC/MP Data Sheet for Unbuffered Drive 
Capability of Each OUTPUT LINE 

6. The data buffers are always enabled to output data, 
except at NRDS time. 



BUFFERED 
LOW-ORDER ADDRESS BUS 



BUFFERED FLAGS AND SERIAL OUTPUT 



BUFFERED CONTROL STROBES 
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Figure 1-8. One Method of Buffering Data , Address , and Control Lines of SC/MP 



TRI-STATE Considerations 

In figures 1-2 and 1-4, the 12-bit latched address port 
(AD 00- AD 1 1), the 8-bit input/output port (DB 00-DB 07), 
and the read (NRDS)/Write (NWDS) strobes have three 
separate output states - a TTL logic '0', a TTL logic T, 
and a high-impedance (HI-Z) (TRI-STATE) output. The '0' 
and '1' states are self-explanatory; an examination of figure 
1-9 will show why the third (HI-Z) state is required. As 
shown, the 8-bit input/output bus is bidirectional; that is, 
during a read cycle, the internal receivers of SC/MP are con- 
nected to the bus and, during a write cycle, the SC/MP 



drivers are connected to the bus. If the TRI-STATE device 
(shown shaded in figure 1-9) is removed, the TTL outputs 
of SC/MP and of the TTL device are connected directly to 
the bus and both will attempt to drive it. Generally, the 
drive capabiHty of the TTL device is the greater of the two; 
thus, it will prevail and system control by SC/MP is lost. 
With the TRI-STATE device connected, the TTL device is 
effectively disconnected from the bus; however, at read 
strobe (NRDS) time, the output of the buffer is enabled 
and the drivers of SC/MP are disabled. Accordingly, the 
SC/MP receivers read whatever is put on the bus by the buffer. 



r 




READ CYCLE - SC/MP 
DRIVERS TRI-STATED 

WRITE CYCLE -SC/MP 
^ DRIVERS ACTIVE 



8-BIT INPUT/OUTPUT BUS 



M 



NRDS 



TRI-STATE 
DEVICE 



I 



TTL 
DEVICE 



TRI-STATE OUTPUT - 
OUTPUT ENABLED WHEN 
NRDS IS LOW; OUTPUT 
DISABLED (TRI-STATE) 
WHEN NRDS IS HIGH 



TO OTHER 
DEVICES 
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Figure 1-9. TRI-STATE Bus Interface 
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Figure 1-10 shows a method of implementing TRI-STATE 
control. With both TRI-STATE ENABLE Unes high, both 
the memory and peripheral devices are effectively discon- 
nected from the data bus; that is, the output drivers of each 
device are in the high-impedance mode. At read strobe time, 
one of the devices is selected; if address bit (AD 08) is low 
(inverted high), the TRI-STATE ENABLE line of ROM/ 
PROM is driven low and this memory device is selected as 



the bus driver. Conversely, if AD 08 is high, the other select 
line is enabled and the peripheral is selected to drive the bus. 
Since each device is selected by a discrete address, the pro- 
cessor has absolute control over each "receiver" or "trans- 
mitter" connected to the bus. (Note: The basic address- 
decoding scheme shown in figure 1-10 can be expanded to 
serve small-memory systems (up to 4K) that require multiple 
read/write peripherals; refer to appendix B for further detail.) 



8-BIT INPUT/OUTPlgr DATA BUS 



c 

M 



TRI-STATE 




ROM/PROM 




PERIPHERAL 



LOW ORDER ADDRESS 
(ADOO - AD 07) 




AD 08- 





AD 08 - 



HIGH ORDER ADDRESS BITS (AD 08 - AD 11) 



NRDS 




RDS 
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Figure 1-10. One Method of TRI-STATE Control 
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Chapter 2 



CONCEPTS AND PRINCIPLES OF SC/MP INTERFACING 



In the preceding section of this manual, SC/MP is defined 
in terms of general-purpose applications— timing, loading, 
peripheral interfacing, software manipulation, and so on. In 
this section, these SC/MP parameters are brought together 
to explain how to hook-up, how to implement, and how to 
control a variety of functional SC/MP-based applications. 
For current convenience and future add-on flexibility, 
the apphcations are organized by class. 

GENERAL CONCEPTS OF A/D AND D/A CONVERTERS 

Generalized concepts of how a SC/MP-based system can be 
used in a general-purpose analog-to-digital converter are 
shown in figure 2C1-1. The analog source can be any 
device capable of producing a current or a low-voltage 
output over a predetermined range. Under program control 
and system timing parameters, the analog source is sampled 
by the Analog-to-Digital Converter and the resulting output 
is a digital word with 8-bit resolution. The digital word is 
stored in RAM where, under program direction, it can serve 
a number of functions. For example, the converted data 
can be compared to a previously stored reference value; 
thus, in a quahty-control configuration, for example, a 
pass or a reject decision can be made. As another example, 
the difference between the input data and the stored 
reference can be treated as an error signal, and when 
reconverted to its analog equivalent (shown with broken-line 
blocks and lines), it can be used in apphcations that require 
coordinate control. The output data also can be listed 



alphanumerically for statistical studies in applications 
where time is plotted against some other variable. In 
subsequent sections, some typical analog-to-digital con- 
version schemes are described. Refer to chapter 1 of this 
manual for timing information, pinout descriptions, and 
interfacing detail of the SC/MP chip. 

SINGLE-INPUT ANALOG-TO-DIGITAL CONVERTER 

General Description 

The SC/MP-controUed analog-to-digital converter shown in 
figure 2C1-2 is well-suited to applications such as simple 
machine control, single-parameter testing, data acquisition, 
and other single-input functions. Requiring few com- 
ponents, minimum memory, and a simple program, the 
single-input analog-to-digital converter is easy and inexpen- 
sive to implement. Operating principles of analog-to-digital 
converters and logic circuits used in this application are well- 
defined in textbooks and industrial manuals; thus, the fol- 
lowing descriptions are aimed primarily at the functional 
interfaces, user-supplied system parameters, and control 
and supervision of the software. 

System Operation 

Other than supply voltages, the single-input converter 
system requires a start pulse, clock pulses, an output-enable 
gate, and, of course, an analog input. Providing that a vahd 



ANALOG VOLTAGE 
OR CURRENT SOURCE 



ANALOG-TO-DIGITAL 
CONVERTER 



SC/MPwiTH 

RAM, AND ROM 
OR PROM MEMORIES 



T 



ALPHA-NUMERIC ^ 
OUTPUT 



USER DATA 



r 



SOURCE TIMING 
AND CONTROL 



I I 



r 



DIGITAL-TO-ANALOG 
CONVERTER 



I 



I I 
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Figure 2C1-1. Principles of Analog-to-Digital/Digital-to- Analog Conversion 

2C1-0 




PRESET 
DATA 



CLOCK 

CLEAR 



E 

500^ I— 
-5V— [B^ 

R2 
500" 




-E 
-Oi 



T|— 



NOTES: 

1. Thii configuration rapraMnts only ona of many way> 
to build and intarfaca a lingla analoo-to-digital con- 
vaftar lyttam. If othar componant* and intarfacing 
mathodi ara UMd, alactrical ipacificationi (hould ba 
aquivatant to tho$a shown. 

2. Hax convartar (DM 7404), or aquivalant. 

3. 3-input poMtiva and gata (DM 7411) or aquhralant. 

4. Dual O flip-flop (DM 7474). or aquivalant. 

5. If NWOS goat high (inactiva) bafora a nagativa dock 
trantition it complatad a pulia-itratching latch simi- 
lar to that shown by tha scraanad circuits can ba usad 
to axtand NWDS; in this cssa, ramova tha jumpar. 

If tha pulsa-f tratchar Is not raquirad, hardwira tha 
jumparad connaction and omit all of tha scraanad 

^- If SC/MP chip it not buffered, low-powar davicas 
are required - sea Figure 1-8 for buffered SC/MP 
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Figure 2C1— 2. Single-Converter Analog-to-Digital System 



start-converter pulse is present (logic 1 at pin 6), the 
conversion starts on the trailing edge (high-to-low transition) 
of the first clock pulse and continues for 40 clock cycles. 
When the conversion is completed, an 8-bit digital word is 
loaded into an output latch and an end-of-conversion 
(EOC) logic level is generated. The binary output (DBO 
through DB7) is TRI-STATE to permit the use of common 
bus lines. When a valid address is received, an output-enable 
signal is generated; at this time, the digital output enters 
the accumulator of SC/MP and subsequently is stored in a 
designated memory location. Valid data are held in the 
output latch from the end of one conversion to the end of 
the next; thus, data transfers to memory can be imple- 
mented asynchronously. 

Timing for one conversion cycle is summarized in figure 
2C1-3. As shown, the conversion begins on the trailing 
edge of the clock pulse; thus, the 'start converter' gate 
must be at least as wide and preferably somewhat wider 
than one clock cycle. Referring to figure 2C1 -3, it is seen 
that the width of the 'start' gate (STRT CONV) is deter- 
mined by the write strobe (NWDS) of SC/MP. If the analog- 
to-digital clock is slower than NWDS, a pulse-stretching 



circuit similar to that noted in figure 2C1-2 is required; 
the unused flip-flop in the DM7474 package is available for 
this purpose. In figure 2C1 -2, a starting address of X'0800 
has been arbitrarily chosen— any other nonconflicting 
address could be used. 



CONVERSION 
STARTS 



CONVERSION 
ENDS 



-40 CLOCK CYCLES- 



*:juuu¥injuinr 



+5V I— • th« 
I I ino 

t by 

ov i 



NWDS controls this width. If, as shown by the dot- 
j,!^ ted line, the "start conv" pulse is terminated before 
the trailing edge of a "slow" clock, the system is 
inoperative. NWDS can be extended <shown screened) 
the pulse-stretching latch noted in fig. 2C1-2 



NWDS EXTENDED 



ENDOF 
CONVERSION 

(EOC) 



OUTPUT 
ENABLE 



DATA 
(DB0-DB7) 



- EOC GATE = 40 X 1/F, 



CLOCK 
•ff 



DATA ENABLED TRANSITION 
UNDER PROGRAM CONTROL 



1.0 MSEC DELAY BETWEEN OUTPUT ENABLE 



1 



AND DATA VALID CONDITION OF DATA PORT — H 



TII-STATI 



VALID 
DATA 
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Figure 2C1-3. Timing Summary for Single-Converter System 



2CM 



When the conversion cycle starts, the analog input is 
admitted at pin 12 of the converter chip and the end-of- 
conversion (EOC) gate is set low. During the next 40 clock 
cycles, the input is sampled continuously and, via a process 
of successive approximation, the analog signal is converted 
into an 8-bit digital word. At the end of the fortieth clock 
cycle, the conversion is complete and two things happen— 
the EOC gate is set high and the digital word is loaded into 
an output latch on the converter chip. 

When the output is enabled (Output Enable set high), the 
latched data (DBO through DB7) are available at pins 13, 
14, 16, 17, and 1 through 4, respectively. In hkeness to 
the STRT CONV gate, the Output Enable gate is generated 
via an arbitrary address-in this case, 0400i6. The Output 
Enable gate is synchronized by the address strobe (NADS) 
from SC/MP, and the gate remains active high until the bus 
request line (BREQ) is released (goes low) by the micro- 
processor. The output control functions are under software 
control and, as shown in figure 2C1 -2, are implemented by 
a flip-flop. 

System Adjustments 

With supply voltages as shown, the analog-to-digital con- 
verter in figure 2C1 - 2 is designed to operate over an input 
range of 10 volts (±5 volts). Two adjustments (Rl and R2) 



are provided to optimize conversion accuracy. Variable 
resistor Rl is the zero adjustment, and for a 10-volt scale, 
it is set for a transition from '1 1 1 1 1 1 1 1' to '1 1 1 1 1 1 10' to 
occur at 19.53 millivolts (that is, one-half of the least 
significant bit value). If the voltage difference between 
pins 5 and 15 is more than 10 volts, then the half-bit 
zero-adjustment value is obtained by dividing 528 (the 
number of half-bit values) into the difference voltage. For 
instance, if the voltage between pins 5 and 15 is 10.24 
volts, Rl is adjusted for 20 millivolts at the transition 
point-'llllllll' to '11111110'. Resistor R2 is the 
full-scale adjustment, and for a 10-volt scale, it is set for the 
transition from '00000001' to '00000000' to occur at 58.6 
millivolts (that is, one and one -half times the least sig- 
nificant bit value). Again, if the difference voltage is 10.24 
volts, R2 is adjusted for 60 millivolts at the transition 
point-'OOOOOOOl' to '00000000'. 

Software Considerations 

The flowchart and program Hsting in figure 2C1-4 shows 
how the single-input analog-to-digital converter system 
(figure 2C1-2) can be software-controlled to provide the 
functions described under system operation. Referring to 
figures 2C1-2 and 2C1-4, the software-hardware interface 
can be summarized as follows. 



START ^ 
PROGRAM J 



PUT STAR 
DRESS (X' 
POINTER F 
BEGIN CO 


TING AD- 
MOO) IN 
»2 AND 
AVERSION 






WAIT FOR 40 CLOCK 
PERIODS UOmSEC FOR 
1 MHz CLOCK). 
- NOTE - 
IF CLOCK IS SLOWER 
THAN 1 MHz A LONGER 
DELAY IS REQUIRED.THAT 
IS,DELAY.40XI/f^,„^, 






SET BASE CONVERTER 
ADDRESS (X'0400) 
IN POINTER P2 TO 
SELECT OUTPUT 






LOAD POINTER P3 
WITH ADDRESS 
X'02O0 TO STORE 
CONVERTED OUTPUT 






LOAD CONVERTED OUT- 
PUT INTO ACCUMULATOR 
AND STORE IN MEMORY 
LOCATION X'0200. 



1 

2 
3 
t\ 

5 0000 

6 0001 

7 0003 

8 0004 

9 0006 

10 0007 

1 1 0009 

12 000A 

1 3 000B 

14 000C 

1 5 000D 

16 000F 

17 0010- 
13 0012 

19 0013 

20 0015 

21 0016 

22 0018 



TITLE SCMP. 
0003 P3=3 
0002 P2=2 
0000 CONV0=0 
08 

C400 START: 
32 

C408 
36 

CA00 



SINGLE A/D CONVERTER PROGRAM 



C404 ACCEPT: 
36 

C402 
37 

C400 

33 

C200 

C800 STORE: 



NOP 

LDI X'00 

XPAL P2 

LDI X'08 

XPAH P2 

ST CONV0(P2) 

NOP 

MOP 

NOP 

NOP 

LDI X'04 

XPAH P2 

LDI X'02 

XPAH P3 

LDI X'00 

XPAL P3 

LD CONV0(P2) 

ST (P3) 



;LOAD P2 WITH ADRS OF CONVERTER 



;START CONVERTER 0 

;IF REQUIRED DELAY INTRODUCED TO 

; COMPLETE THE CONVERSION 



;LD P2 WITH BASE CONV ADRS 



;LD P3 WITH MEM ADDRS FOR 
;CONVERTED DIGITAL OUTPUT 



READ IN CONVERTED OUTPUT 
STORE CONVERTED OUTPUT 
IN LOCATION 200 
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Figure 2C1-4. Flowchart and Program Listing for Single-Converter System 

2C1-2 



At the start of the program, P2 is loaded with the starting 
address, X'0800 (hnes 6 through 9), a STore Instruction is 
executed, and the 12-hne address port of SC/MP is latched 
at X'0800 for the remainder of the input/output cycle. Ac- 
cordingly, ADIO goes low, ADll goes high, and, at write 
strobe (NWDS) time, the conversion starts. Since there are 
seven instructions executed prior to the Load Instruction, 
the NOPS are not required unless the converter clock rate is 
slowed down. If the clock rate is considerably less than 1.0 
megahertz, more delay may be required — refer to appendix 
E for delay calculations. 



Once the analog-to-digital conversion is completed (after 40 
clock cycles), the digital data are accepted by SC/MP and 
are stored in a specified memory location. As indicated by 
lines 15 through 20 of the program, P2 is loaded with the 
address for "data acceptance" - in this case, X'04OO — and 
P3 is loaded with the "memory-destination" address 
(X'0200). When the LD Instruction (line 21) is executed, 
the 8-bit digital output of the converter is read into the Ac- 
cumulator, and when the next instruction (STore, line 22) 
is executed, the data are stored in memory location X'0200. 
Observe that when the X'04O0 address is valid, the output 
data are gated into the Accumulator via the address strobe 
(NADS) rather than the read strobe (NRDS); the NADS sig- 
nal provides adequate time for the transfer of data, whereas 
the NRDS signal may not. 



ANALOG-TO-DIGITAL CONVERSION USING 
MULTIPLE CONVERTERS 

General Description 

The SC/MP-based multiple analog-to-digital converter shown 
in figure 2C1-5 is simply an extension of the principles and 
concepts used in the single configuration (figure 2C1-2). 
The multiple system is adaptable to almost any appUcation 
where analog-to-digital conversion is required — complex 
control systems, multiple -parameter testing, precision mea- 
surements, environmental studies, and many others. Among 
other advantages, the multiple -converter system is easy and 
relatively inexpensive to implement. 



System Operation 

Other than supply voltages, the multiple system requires 
start/select signals for each converter, a user-supplied clock 
source, output buffers, and appropriate control and decod- 
ing logic. 



NOTE 

In figure 2C1-5, it is assumed that each 
analog signal source is located some dis- 
tance from the other; thus, the analog-to- 
digital conversion is performed at the 
origin rather than at the destination. This 
is done because a digital signal can be trans- 
mitted over a reasonable distance with 
little or no degradation, whereas an analog 
signal may require additional circuits for 
equivalent accuracy and stabiHty. If the 
signal sources are in close proximity and 
sampling time is not a critical factor, the 
inputs can be multiplexed as shown in 
figure 2C1-7. 



Some of the multiple-converter circuits are functionally 
equivalent to those of the single converter; thus, they are 
described by reference only. 

The eight analog-to-digital converters shown in figure 2C1-5 
can be started and the associated output selected in any 
sequential order — this being determined by the users pro- 
gram and being implemented by the two BCD-to-decimal 
decoders. The *start' and 'select' decoders operate as follows. 
A starting address of X'0800 has been arbitrarily selected; 
any other nonconflicting address can be used. The chosen 
address is recognized when address bit 11 (ADll) is high 
and address bit 10 (ADIO) is low. When the write data 
strobe (NWDS) goes active-low, the decoder input logic (01, 
G2A, and G2B) is enabled and address bits 0, 1, and 2 are 
decoded to produce any one of eight start signals. The start 
decoding truth table is shown as an inset to the upper BCD- 
to-decimal decoder block of figure 2C1-5. 



The 'select' decoder uses an arbitrary address of X'0400 
and is synchronized by the address strobe (NADS) from 
SC/MP. With address bit 10 (ADIO) high and address bit 1 1 
(ADl 1) low, a logic '1' appears at pin 2 of the flip-flop. At 
NADS time, a high also appears at pin 3 of the flip-flop; 
accordingly, the Q output (pin 6) is driven low. Likewise, 
the 'D' input (pin 12) of the decoder is low and address bits 
0, 1 , and 2 are decoded to produce any one of eight 'select' 
signals. The converter-select signal remains valid until the 
bus request line is released by the microprocessor (BREQ 
goes low) - at which time, the decoding logic is disabled 
(Q goes high). 



2C1-3 
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NOTES: 

1. This configuration reprtMnts only one of many ways to build and intar- 
face a multiple-input analog-to-digital converter. If other components and 
interfacing methods are used, electrical specifications should be equiva- 
lent to those shown and/or described. 



5. The buffer is reoomntended if multiple loads are driven; if loading it 
minimal (not more than 1.5 milliamperes), output buffering is not 
required. 

6. If SC/MP chip is not buffered, low-power devices are required-tee 
figure 1-8 for buffered SC/MP chip. 



81LS96 Hex Converter (DM 7404), or equivalent 

3-lnput Positive AND Gate (DM 7411), or .equivalent 

If optional buffers, (DM 81LS9S*) are added, the inverters that sarvica 

the 'output enable' line (pin 7) of the DM 5357* can be eliminated. 

In this case, the output enable line of each converter is tied to *B volts. 

The TRI -STATE capability of the system is now served by the buHers, 
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Figure 2C1-5. Multiple-Converter Analog- to-Digital System 



In a multiple-converter system, timing for one conversion 
cycle is identical to that shown in figure 2C1-3; however, 
there are noteworthy differences in the start and select func- 
tions. The eight converters in figure 2C1-5 can be started in 
any random order and, after an appropriate delay (40 x 
clock period), the outputs can be selected at random. For 
instance, it may be desirable to start the converters in 2-6-1- 
7-4-3-8-5 order and to enable the outputs in 7-2-5-4-1-3-8-6 
order, or in some other sequence that suits a particular appli- 
cation. Output levels (DBO through DB7) of each converter 
are TTL-compatible and, as previously indicated, the data 
lines are TRI-STATE to permit common bus lines. If the 
output lines must drive multiple loads, a TRI-STATE buffer 
such as the DM81LS95 (shown as a broken-Une block in 
figure 2C1-5), is required. 

System Adjustments 

The zero (Rl) and full-scale (R2) adjustments for each con- 
verter in figure 2C1-5 are identical to those described for 
the single digital-to-analog system (figure 2C1-2). 



program (figure 2C1-6) stores to the address of the first 
converter (X'0800). When the program is executed by 
SC/MP, address bits 0, 1, and 2 (figure 2C1-5) are modified 
by lines 1 1 through 1 7 of the program and are decoded by 
the 74LS138 chip; in this case, the converters are started in 
a l-through-8 sequence. Any other starting sequence can be 
obtained by rearrangement of the store instructions. The 
last Store Instruction is followed by four NOP Instructions, 
each consuming 10 microseconds; thus, a delay of 40 micro- 
seconds is introduced. Assuming a 1 .0-megahertz clock, no 
delay is required for this program; the NOP instructions are 
included only to indicate how a 'short' delay can be imple- 
mented. If a 100-kilohertz clock is used, the conversion time 
is 400 microseconds (that is, 40 x 1/f clock). In this case, 
a delay of not less than 104 microseconds is required — 
assuming the converter outputs are loaded and stored in the 
"starting" sequence. If the load/store operations are per- 
formed in random order, the worst case delay is 292 
microseconds — refer to appendix E for program delays of 
this magnitude. 



Software Considerations 

The flowchart and the program listing in figure 2C1-6 shows 
how the multiple analog-to-digital converter system (figure 
2C1-5) can be software-controlled to provide the functions 
described under system operation. Software concepts are 
identical to those shown and described for the single- 
converter system except that eight converters must be ser- 
viced rather than just one converter. 

An address of X'080N - where N = 0 through 7 - is selected 
to start the conversion; line 10 of the multiple-converter 



After the analog-to-digital conversions are complete and 
select address X'040N - where N = 0 through 7 — is valid, 
the digital outputs of converters 1 through 8 are loaded 
into the Accumulator and are transferred to the memory 
location pointed to by P3. In likeness to the single-converter 
system, the output data are gated into the Accumulator via 
the address strobe (NADS); the slow access time of the con- 
verter peripherals does not permit the use of the read strobe 
(NRDS). As previously indicated, the program can be 
arranged to allow sampling of the converter outputs in any 
random order. 



START ^ 
PROGRAM J 



SET STARTING ADDRESS 
(X'OeOO) IN POINTER P2 

FOR EACH OF EIGHT CON- 
VERTERS: START CON- 
VERTERS IN PROGRAM- 
ORDERED SEQUENCE 



I 



WAIT FOR 40 CLOCK 
PERIODS (40^SECFOR 
1.0 MHz CLOCK). 
-NOTE— 
IF CLOCK IS SLOWER 
THAN 1.0 MHz, A 
LONGER DELAY IS 
REQUIRED, THAT IS^ 
DELAY- 40 x1/Fe 



i 



LOAD POINTER REG- 
ISTER P2 WITH BASE 
ADDRESS (X'0400) TO 
SELECT CONVERTER 
OUTPUTS: LOAD 
POINTER P3 WITH 
INITIAL MEMORY 
STORAGE ADDRESS 
(X'0200) 



I 



LOAD ACCUMULATOR 
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OF CONVERTER NO. 1: 
STORE CONTENTS OF 
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DRESS SPECIFIED BY 
POINTER P3 AND IN- 
CREMENT P3 (BY DTO 
NEXT MEMORY 
LOCATION 



REPEAT LOAD-AND- 
STORE OPERATIONS 
UNTIL CONVERTER 
OUTPUTS #1 THROUGH 
m ARE RESIDENT IN 
MEMORY LOCATIONS 

X'0200 THROUGH 
X'020Z RESPECTIVELY 



T 

EXIT 



Figure 2C1— 6. Flowchart and Program Listing for Multiple-Converter System 
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Figure 2C 1-6 (Continued) 
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ANALOG TO-DIGITAL CONVERTER USING 
MULTIPLEXED INPUTS 

General Description 

Except for the input multiplexer, the analog-to-digital con- 
verter system shown in figure 2C1-7 is functionally equiva- 
lent to the multiple-converter system (figure 2C1-5). Both 
systems can be readily adapted to such appHcations as 
complex controllers, multiple-parameter testing, precision 
measurements, and numerous ocher applications that fall 
within the analog-to-digital and digital-to-analog class. The 
multiplexed-input system is particularly well-suited to appli- 
cations where a multiple-input profile is required and where 
cost is an absolute restraining factor. Assuming reasonable 
input sources and sound transmission techniques, no input 
calibration is required and, as shown in figure 2C-7, the sav- 
ing of hardware is appreciable. The multiplexed-input sys- 
tem can be expanded easily to serve most output require- 
ments — refer to note 4 of figure 2C1-7 for one possible 
technique. 

System Operation 

The 'start' and 'select' procedures for the multiplexed-input 
system are identical to those described for the multiple sys- 
tem shown in figure 2C1-5 - a starting address of X'OSON 
is arbitrarily selected and the output is enabled at address 
X'040N; in both cases, 'N' = 0 through 7. The start function 
is implemented at write strobe (NWDS) time, whereas the 
output is enabled at address strobe (NADS) time; the output- 



enable signal remains vaUd until the output bus is released 
by the microprocessor (BREQ goes low). 

The analog input (Vjj^/pin 12) to the converter is selected 
via an 8-channel multiplexer (AM3705), which is driven by 
a clocked latch. A quad-D flip-flop (DM8551) is used to 
perform the latching function; the input disable gates (pins 
9/10) eliminate the possibiUty of false clocking and, at the 
same time, ensure that valid output codes are maintained 
during the clock period. At read strobe (NRDS) time, 
outputs A, B, and C of the latch are set to agree with the 
binary pattern of address bits 0, 1, and 2. These three 
outputs are then decoded in the multiplexer to select one 
of eight analog inputs; the selected signal is outputted at 
pin 3 and serves as the input for the analog-to-digital con- 
verter. The signal select decoding truth table is shown as an 
inset to the multiplexer block in figure 2C1-7. 

Under program control, analog input signals #1 through #8 
can be selected in any random order; in fact, if the applica- 
tion requires, the same signal can be examined over and over 
again. When a particular conversion is complete, the end-of- 
conversion (HOC) gate goes high and the 8-bit digital word 
is loaded into an on-chip latch. The output data lines (DBO 
through DB7) are TRI-STATE to permit the use of common 
system buses and are TTL-compatible for fanout flexibiUty. 

System Adjustments 

The zero (Rl) and full-scale (R2) adjustments for the con- 
verter are identical to those described for the single-input 
analog-to-digital system (figure 2C1-2). 
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ANALOG INPUT #1 

ANALOG INPUT #2 

ANALOG INPUT #3 

ANALOG INPUT #4 

ANALOG INPUT #5 

ANALOG INPUT #S 

ANALOG INPUT #7 

ANALOG INPUT #8 

CLOCK (USER SUPPLIED)- 




DATA IN 
DISABLE 


OUTPUT 
DISABLE 


DATA IN 
DISABLE 


OUTPUT 
DISABLE 


INPUT 
A 


OUTPUT 
A 


INPUT 


OUTPUT 
B 


INPUT 
C 


OUTPUT 
C 


INPUT 
D 


OUTPUT 
D 


CLOCK 




CLEAR 


GND 




i CHAIMIMEL MOS ANALOG 
MULTIPLEXER (AM3705) 



SIGNAL SELECT 
TRUTH TABLE 



2« 


2' 


22 


OE 


CHAN 
SEL 


L 


L 


L 


H 


SI 


H 


L 


L 


H 


S2 


L 


H 


L 


H 


S3 


H 


H 


L 


H 


S4 


L 


L 


H 


H 


S5 


H 


L 


H 


H 


^ 


L 


H 


H 


H 


S7 


H 


H 


H 


H 


S8 



1. THIS CONFIGURATION REPRESENTS ONLY ONE OF MANY WAYS TO BUILD 
AND INTERFACE AN ANALOG-TO-DIGITAL CONVERTER WITH MULTIPLEXED 
INPUTS. IF OTHER COMPONENTS AND INTERFACING METHODS ARE USED. 
ELECTRICAL SPECIFICATIONS SHOULD BE EQUIVALENT TO THOSE SHOWN 
AND/OR DESCRIBED. 

2. HEX CONVERTER (DM 7404), OR EQUIVALENT. 

3. 3-INPUT POSITIVE AND GATE (DM7411), OR EQUIVALENT. 

4. IF OUTPUT LOADING EXCEEDS THE DRIVE CAPABILITIES OF THE CONVERTER, 
THE OUTPUT LINES CAN BE BUFFERED AS SHOWN IN FIGURE 2C1-5. WIRING 
CHANGES CAN BE SUMMARIZED AS FOLLOWS: BREAK THE 'OUTPUT ENABLE' 
LINE (PIN 7) TO THE CONVERTER AND TIE PIN 7 to +5V FOR CONTINUOUS 
ENABLE. CONNECT THE Q OUTPUT (PIN 6) OF THE FLIP-FLOP TO SELECT 
LINES 61/62 OF THE 81 LS95 BUFFER (FIGURE 2C1-5); CONNECT DATA LINES 
AS SHOWN. 

5. IF NWDS GOES HIGH (INACTIVE) BEFORE A CLOCK CYCLE IS COMPLETED, 
A PULSE-STRETCHING LATCH SIMILAR TO THAT SHOWN BY THE SCREENED 
CIRCUITS IN FIGURE 2C1-2 CAN BE USED TO EXTEND NWDS. 

6. IF SC/MP CHIP IS NOT BUFFERED, LOW-POWER DEVICES ARE REQUIRED-SEE 
FIGURE 1-8 FOR BUFFERED SC/MP CHIP. 



8 BIT A D CONVERTER 
(MM 5357) 
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Figure 2C1— 7. Analog-to-Digital Converter System Using Multiplexed Inputs 



Software Considerations 

J^igure 2C1-8 shows the flowchart and the program hsting 
|that are appHcable to the multiplexed-input system of fig- 
ure 2C1-7. The basic concepts are the same as those of the 
single- and multiple-converter systems - that is, start the 
jconverter, accept the 8-bit digital data, and store the output 
^ memory. 

Ithe program is set up to start the converters in a l-to-8 
Sequence (hexadecimal address X'OO through X'07); this is 
Im arbitrary choice and can be altered to select any one of 
Ihe converters by changing the 8 low-order bits of P2. Since 
)there is a one-to-one correspondence between the selected 



converter and the memory storage location, converter 
X'08O0 is stored in memory location X'0200, converter 
X'0801 in location X'0201, and so on for the remaining six 
converters. The memory addresses likewise should be altered 
by appropriate changes in the 8 low-order bits of P3. After 
each conversion, the program checks to see if all eight analog- 
to-digital operations are completed; as shown by the flow- 
chart, this is done by inclusively ORing the Accumulator 
with a constant - in this case, '7'. If the OR-result is not 
equal to '0', the program loops back and continues with the 
next conversion. If the OR-result is '0', the eighth conversion 
is completed and, as written, the program will exit to an 
appropriate users routine. 



(START A 
PROGRAM J 



CLEAR POINTER REGISTERS P2& P3 



TO SELECT MULTIPLEXER INPUTS AND 
TO START A-TO-D CONVERTERS, SET 
BASE STARTING ADDRESS (X'0800) 
IN POINTER REGISTER P2. 



LOAD SELECTOR LATCH OF MULTI- 
PLEXER WITH ADDRESS POINTED TO 
BY P2: START CONVERSION 



WAIT FOR 40 CLOCK PERIODS (40 
MSEC FOR 1.0 MHz CLOCK) 

- NOTE - 
IF CLOCK IS CONSIDERABLY SLOWER 
THAN 1.0 MHz, A LONGER DELAY MAY 
BE REQUIRED. THAT IS, DELAY - 
<Oxl/Wl. 



1 



TO SELECT CONVERTER OUTPUT, 
LOAD SELECT ADDRESS X'04 IN 
EIGHT MSB OF P2-THE EIGHT 
LSB OF P2 ARE UNAFFECTED 
SINCE THEY KEEP TRACK OF ANA- 
LOG SIGNALS 1-THRU-8 (X'OO 
THROUGH X'07) 







LOAD EIGHT MSB OF P3 WITH 
BASE MEMORY ADDRESS 
(X'02) - THE EIGHT LSB ARE SET 
TO X'OO THROUGH X'07. DEPEND- 
ING UPON WHICH ANALOG SIGNAL 
IS SELECTED. 






OUTPUT OF DESIG 
VERTER (P2) TRA^ 
ACCUMULATOR Al 
THE MEMORY LOC 
TO BY P3. 


NATED CON- 
ISFERRED TO 
yiD STORED IN 
ATION POINTED- 







TRANSFER LOW-ORDER BYTE (X'OO 
THRU X'07) OF P3 TO ACCUMULATOR; 
EXCHANGE ACCUMULATOR WITH 
EXTENSION AND THEN TRANSFER 
CONTENTS OF EXTENSION TO ACCU- 
MULATOR. THE RESULT IS THAT THE 
A AND-E REGISTERS CONTAIN THE 
SAME I NUMBER -THIS NUMBER COR- 
RESPONDING TO theIconverter 

WHOSE OUTPUT WAS LAST SAMPLED 
AND STORED. 



EXCLUSIVELY 'OR' CONTENTS OF 
ACCUMULATOR WITH CONSTANT 
EQUAL TO n'. 




niKCCUMULATOR-0 



TO SELECT NEXT CONVERTER, TRANS- 
FER CONTENTS OF EXTENSION TO 
ACCUMULATOR AND INCREMENT BY 1. 
EXCHANGE CONTENTS OF A-AND-E REG- 
ISTERS; TRANSFER E-TO-A SO THAT 
BOTH REGISTERS CONTAIN THE SAME 
NUMBER. 



ALL ANALOG SIGNALS (X'OO 
THROUGH X'07) CONVERTED 



LOAD LOW-ORDER BYTE OF P3 WITH 
NEXT MEMORY ADDRESS AND RESTORE 
ACCUMULATOR WITH AN E-TO-A TRANS- 
FER; EXCHANGE ACCUMULATOR WITH 
LOW-ORDER BYTE OF P2. THESE OPERA- 
TIONS SELECT THE NEXT CONVERTER 
(X'OO THROUGH X'07) TO BE SAMPLED 
AND THE MEMORY LOCATION WHERE 
THE DATA WILL BE STORED - IN THIS 
PROGRAM, THE SELECTED CONVERTER 
AND THE MEMORY LOCATION ARE RE- 
PRESENTED BY THE SAME NUMBER. 



C 



CONTINUE, OR EXIT 



) 



C 



JUMP TO LOOP 



1 






TITLE scrip. 


MULTIPLE R/D CmiR WITH RMflLOG 


2 




0001 


Pi 




1 




3 




0002 


P2 








4 




0003 


PS 








5 














6 


0000 


08 




NOP 






7 


0001 


C400 


START : 


LDI 


0 


iBRSE STRRTING RDRS 


8 


0003: 






XPOL 


P2 




9 


0004 


C400 




LDI 


0 




10 


0006 






XPfiL 


P3 




11 


0007 


C408 


LOOP : 


LDI 


08 


GEr4ERRTE RNRLOG SWITCH 



Figure 2C1— 8. Flowchart and Program Listing for Analog-to-Digital Converter System with Multiplexed Inputs 
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12 


0009 


36 


XPFlH 


P2 


12 


000fl 


11:200 


LD 


•::P2> 


14 


000C 


Cfl00 


ST 


<P2::' 


15 


000E 


C:404 


LDI 


4 


16 


0010 


36 


XPFlH 


P2 


17 


0011 


C402 


LDI 




IS- 


0013 




XPflH 


F3 


IS 


0014 


C200 


LD 


<P2:> 


20 


0016 


CB00 


ST 


'..Fl-y 


21 


0018 




KPflL 


F2 




0019 


01 


XflE 




23 


001fl 


40 


LDE 




24 


001 B 


E407 


XRI 




25 


001D 


980fl 


JZ 


EXIT 


26 


001F 


40 


LDE 




2? 


0020 


F401 


RDI 


1 


28 


0022 


01 


KfiE 




29 


0023 


40 


LDE 




30 


0024 




XPFIL 


P3 


31 


0025 


40 


LDE 




22 


0026 




KPFIL 


P2 


IK 


002? 


90DE 


JMP 


LOOP 


24 










25 




EXIT : 






26 










27 




0000 


Er-4D 




EXIT 


0029 


LOOP 


0007 


P2 




0002 


P2 


0002 



LORD flr4flL0G SNITCH RDRS LRTCH 
STRRT i::Or4VERSIOr-4 



CONVERSION COMPLETE IN 40 MIC 
RCCEPT CONVERTER OUTPUT 
STORE CONVERTER OUTPUT 



CHECK IF RLL RNRLOG 
SIGNRLS CONVERTED 

RDRS FOR NEXT RNRLOG SIGNRL 



USER RETURN ROUTINE 



PI 

STRRT 



0001 * 
0001 •+•• 
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CONCEPTS FOR A LOW-COST SYSTEM 



General Description 



Figure 2C1-8 (Concluded) 

System Operation 



The 4-chip system shown in figure 2C1-9 illustrates a very 
simple technique for converting a digital input to an analog 
output and also demonstrates how this analog signal can be 
used to generate the digital equivalent of some unknown 
voltage. Converter systems of this type can be usefully em- 
ployed in such appHcations as security/alarm systems, error- 
control loops, digital plotters, and any other application 
where these techniques are applicable. The connection 
scheme shown in figure 2C1-9 requires a dedicated micro- 
processor during the conversion cycle and the scheme is 
limited to a single 8-bit output. However, this low-cost 
system requires Uttle external hardware, no bus connec- 
tions, and only a few control signals. The system is further 
enhanced by the fact that Sense B, the serial input/output 
capability, and flags 0, 1, and 2 are not used, so conceiv- 
ably these resources of SC/MP can be put to use in other 
applications. 



As shown, the 8-bit data word (DBO through DB7) enters 
two flip-flops that serve as input latches. When a vaUd ad- 
dress is received — hexadecimal address X'0400 has been 
arbitrarily chosen — the 'data input disable' lines (pins 9 
and 10) are driven low. At write strobe (NWDS) time with 
both disable lines low, outputs D, C, B, and A of one latch 
are set to agree with the logic states of the 4 least significant 
bits (DBO, 1, 2, and 3, respectively), and the other latch^ 
set to agree with the logic states of the 4 most significant 
bits. Thus, the 8-bit word is latched and is appUed to the 
DAI 200 for the digital-to-analog conversion process. The 
digital-to-analog converter uses a series of current-weighted 
switches, an ultrastable resistor network, a precision voltage 
reference, and three high-gain operational amplifiers to pro- 
duce the analog-voltage equivalent of the 8-bit digital input. 

The input currents are summed and compared to a precision 
reference voltage; in the system shown, the +10-volt refer- 
ence (pin 14) is suppHed externally — although the internal 



201-10 



reference can be used for most purposes. The difference volt- 
age that results from comparing the weighted input currents 
(pin 19) of the digital word. It is readily seen that if the 
digital input consists of all ones (FF), the analog output is 
10 volts; whereas, if the input word consists of all zeroes, 
the analog output is 0 volt. Suppose the input bit pattern 
is 10000000 (80); since this number is halfway between 00 
and FF, the analog output is very close to 5 volts. This 
analog output can be buffered and used as an error-control 
signal or for any other purpose that the application requires. 

The system shown in figure 2C1-9 can also be used to 
produce an 8-bit word that is the digital equivalent of an 
unknown voltage. Such an unknown voltage - within the 
conversion range — is shown connected to pin 3 of the volt- 
age comparator (LM311); pin 2 of the comparator is con- 
nected to the output of the digital-to-analog converter. Using 
successive approximation techniques, the inputs at pins 2 
and 3 are compared and, under software direction, appro- 
priate adjustment is made to the input word (DBO through 
DB7) after each approximation. With some assumptions, 
the operation can be summarized as follows. Since the in- 
herent resolving power of the system is 8 bits, there are 256 
digital increments from one end of the conversion range to 



the other; that is, if 0 volt is represented by a bit pattern of 
all zeroes, the 10-volt limit is represented by a bit pattern 
of all ones. Assuming an unknown value of 7 volts, the in- 
put word for the first approximation is set to the halfway 
point — in hexadecimal format X'80. Since the unknown 
voltage is higher than the analog-voltage equivalent of the 
first input approximation, the Sense-A line of SC/MP is 
driven high. The software differentiates between these two 
conditions (Sense A = '0' and Sense A = '1') in such a way 
that if the line is high, the input word is set halfway between 
X'80 and X'FF. If the sense line is low, the input word is 
set halfway between X'OO and X'80. In the current example, 
the input word is set to X'CO and a second approximation 
is performed. Assuming a digital-to-analog relationship that 
is nearly linear, the output at pin 19 (approximately 7.5 
volts) is now higher than the unknown and the Sense-A line 
is driven low. A third approximation is made between X'CO 
X'80, that is, at X'AO. Similar input adjustments based on 
the high or the low state of sense A are contained until eight 
approximations are completed; at this time, an 8-bit word 
that is very near the analog equivalent of the unknown volt- 
age will appear in the Accumulator of SC/MP. This word 
can be stored away and used later to plot the unknown 
voltage or for any other purpose the application requires. 
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ANALOG INPUT 
(0 TO ♦10V OR 
MOV TO -10V) 



ANALOG-VOL 
EQUIVALENT 
OF DIG INPUT 



HIGH OR LOW 
INPUT TO 
SENSE A LINE 



NOTES: 

1. This configuration represents only one of many ways to imple- 
ment low-cost D to-A/A to-D converter system. If other com- 
ponents and interfacing methods are used, electrical specifications 
should be equivalent to those shown and/or described. 

2. Hex converter (DM7404). or equivalent. 

3. If SC/MP chip is not buffered, low-power devices are required-see 
figure 1-8 for buffered SC/MP chip. 
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Figure 2C1 -9. Low-Cost Converter System 



Software Considerations. The flowchart and program Hst- The software can easily be expanded to utilize the analog 
ing shown in figure 2C1-10 shows one method of imple- data for whatever purpose the application requires, 
menting software control of the low-cost D-A/A-D system. 



(START \ 
PROGRAM J 



LOAD FIRST AP 
PROXIMATION 
(MASK = X'80) IN 
ACCUMULATOR 



STORE FIRST MASK 
AT LOCATION 
'MASK' 



1 



STORE APPROXIMA- 
TION IN LOCATION 
'TEMP' IN MEMORY 



PUT APPROXIMATION 
INTO D/A LATCHES 
IN COMPLEMENT 
FORM 



RECOMPLEMENT 
APPROXIMATION; 
STORE PRESENT 
APPROX IN E-REG 




YES (DONE) 



YES - (APPROXIMATION 
TO HIGH) 



NO 



RESET MASK BIT 
POSITION IN APPROX- 
IMATION TO ZERO; 
LOAD RESULTANT 
APPROX IN E-REG 



GENERATE NEW 
MASK BY RIGHT- 
SHIFTING ONE BIT 
POSITION 



STORE NEW MASK 
IN LOCATION 'MASK'; 
EXCLUSIVELY -OR 
WITH E-REG TO GET 
NEW APPROXIMATION 



EXIT 



TITLE SCMP.. SINGLE fl/D CONVERSION USING D/fi- 



0001 
0002 
0003 
0000 
0001 



PI 
P2 
P3 

MRSK 
TEMP 



0 
1 



3 0000 08 



NOP 



Figure 2C1— 10. Flowchart and Program listing for Low-Cost Converter System 
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F«iiK 2C1-10 (Concluded) 
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INTERFACING A KEYBOARD TO SC/MP 

SC/MP applications that require a keyboard interface usually 
use one of two methods to generate keycodes. In one 
method, SC/MP is used as a keyboard scanner, whereas in 
the other method, SC/MP is interfaced with a keyboard en- 
coder. For either type of interface, programs can be devel- 
oped for continuous keyboard scan or for using the key- 
board as an interrupt device. 

When SC/MP is interfaced with an appropriate keyboard 
and is supported with the proper software, any application 
that can be controlled by alphanumeric inputs is feasible - 
lawn-sprinkler control, home and business lighting, vending 
machines, combination locks, kitchen appliances, games, 
and so on. Some basic principles of keyboard interfacing 
are shown in the following illustrations and are described in 
the supporting text. 

USING SC/MP AS A KEYBOARD SCANNER 

General Description 

The keyboard matrix shown in figure 2C2-1 consists of six 
rows with eight keys in each row. Functional relationships 
between the keyboard and SC/MP can be summarized as 
follows. The entire key matrix is scanned by testing input 
data to the microprocessor for a value other than zero; this 
condition occurs if any key is depressed. After key detect, 
a software debounce is performed. Then, the program deter- 
mines the row and the column corresponding to the key, 
computes the correct binary code, tests for key release. 



puts the key code in the SC/MP Extension Register, and 
returns to the calling program. 

System Operation 

A fixed address (X'0900) is assigned to the "keyboard pe- 
ripheral" and when a load (LD) instruction is executed, the 
TRI-STATE buffers are simultaneously activated. Thus, if 
any key (SO through S47) is pressed, one of the bits (DBO 
through DB7) on the data bus appears as a logic '1'. 

The program "LOOP" checks for the "nonzero" condition 
and provides a debounce time of 5 milHseconds. After de- 
bounce, the value of the key is determined by updating a 
counter in RAM. The counter is incremented by "8" for 
each row scanned and by "1" for each column scanned. For 
example, assume that S9 (row 2/column 2 of figure 2C2-1) 
is pressed. The first row is scanned by the software, and 
finding no key pressed, the row counter (row select) is in- 
cremented by 8 and the second row is scanned. In this row, 
one of the bits in the data word is a logic '1'; accordingly, 
the column counter is now incremented by 1 and compari- 
sons are made to determine which switch is pressed — for 
this example, it is the second switch (S9) in the column. It 
can readily be seen that a different binary code (keycode) 
is produced for each switch in the matrix. The keycode is 
saved in temporary memory, and the keyboard is tested for 
key release by executing a Load Instruction to the keyboard. 
This activates all the buffers, and, upon key release, the 
keycode is transferred from temporary memory to the Ex- 
tension Register. The designated pointer then is exchanged 
with the Program Counter to return to the calling program. 
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TRI STATE OCTAL 
BUFFER (DM 81LS96) 




NOTES: 

1 . This configuration represents only one of many ways to 
build and interface a keyboard scanner. If other components 
and interfacing methods are used, electrical specifications 
should be the composite equivalent of those shown. 

2. Unused pins that can be left unterminated are not shown. 
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Figure 2C2-1. Using SC/MP as A Keyboard Scanner 



2C2-2 



Software Considerations 



The flowchart in figure 2C2-2 and the program Usting in 
figure 2C2-3 show how SC/MP can be utiHzed by software 
to perform a keyboard scanning function. 



CENTER MAIN ^ 
PWOORAM J 



SETUf POINTER 3 
TO CALL SCAN 
ROUTINE 



^^^^^^^ 

cm 



■C3IZIZIZSI 



(RETURN TO X 
CALLING I 
ROUTINE J 
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Figure 2C2-2. Flowchart for SC/MP Interfaced with A 6x8 Keyboard Matrix 
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TITLE SCRNNFC. ' SC/MF'-" 

.. 'I'lP FlCT S HS H KEVBUHfiilD SCRNNER. THE KEVBORRD 
IS R 6 By S I'IFlTRi 



T VP I CRL MR I N PRuGRRh 



. THIS SECTION OF CODE SETS UP THE RRN POINTER 
.14 : HND THE POINTER FOR THE SCRN ROUTINE. 



XPRL 2 



: !3 1:1 1 0 L- 4 k\ 2 L D I H R R H > 

i;;;iHi;-;i'::i XPRH 2 



: :.• ii0';i6 i.::4HF LD I L SCRN --l 

Cuh::.:. : XF'RL 3 

!: ••! ^ 9 C 4 0 L D I H S C: R N > 

i-iiuOC j: -' XF'RI-I 3 

uh8C .<F XPPC 2 ; CRLL SCRN ROUTINE 

miJU 4H ;yi HRl: LDE : PUT CODE INTO RCCUM 

MCOE Cmid ST SRVE'::2> ; SRVE CODE IN RRM 

■■ 1-1 

• ; USERS PROGRRM NOULD BEGIN HERE RND OPERRTES 
; ON THE KEV CODE STORED IN LOCRTION •'SRVE " 



40 

41 ; THE SCRN ROUTINE FORMS THE CORRECT CODE IN 

4;;;:: .LOCRTION SWITCH' RFTER CHECKING FOR KEV 

4:::: ; RELERSE.. CONTROL IS RETURNED TO THE CALLING 

44 PROGRRM WITH THE KEVCODE IN THE E REGISTER. 

'•I "5 

4 S 
47 

45 OOlVii 23 SCRN : XPRL 3 

4:4 0011. CROl ST TEMPL'::2> SAVE PTR 3 LO 

50 0013 37 XPRH 3 

51 0014 CR02 ST TEMPH<2> ; SRVE PTR 2 HI 

52 0016 C400 LDI L'::PERIPH> 
5;-;: 00:18 33 XPRL 3 

54 0019 C409 LDI H'iiPERIPH::- 

Figure 2C2-3. Program Listing for SC/MP Interfaced with A 6x8 Keyboard Matrix 
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61 

J- 



Mijj.C- OVER 



Ci::L 

LDl 8 
ST SNITi::H'::2> 



SET UP PERIPHERAL 
POINTER 



CLR SWITCH WORD 



THE nCTURL SCRNNING OF THE KEVBOflRD 
FORMING I HE KEVCODE RND TESTING FOR 
KE'r RELERSE BEGINS WITH THE LABEL -LOOP'" 
AND ENDS WITH THE INSTRUCTION "JNZ RELERS" 



71. 



0021. CV -vF 

8824 8F85 

8826 C: F 

8828 58 

8«::i;i:::9 9 8 1' •■'6 

88 2B I':-!--'!::.! 



i.jjup 



ld rllkvs'::2> 

^;re 



0Pi,2E 

Qyl<2 

0i?;-;:4 F40S 

9(-:!2i::. C'fl£il:; 



01 

9C.;i-:.iC 

C2QZ 



S4 



0fi 

0039 
003 R 
00:?l: 
003E 

0041. 

0042 



01. 
I.IJ 

S'£!E.0 
90EF- 

1.C 

9806 

01. 

RH0'i 



90 

91. 
92 
9~-' 
94 
95 
96 
9"i' 
99 
99 

100 
.101. 

102 
103 
104 
105 
.106 
107 
108 



0044 01 

004!-:l .90f- 

0047' C33F 

£1049 01. 

004fl SF05 

004 C C23F' 

004 E 50 



004F 

0051 

0053 32 

0054 C202 

0056 37' 

0057 0203 
0059 01 
005fl 3F 

005B 90B3 



yCF6 
i::2!;;il 



.-0OF'l 



SHIFT 



RELER!: 



LD 

RNf: 

..:iz 

LC'I 

:-;re 

l,..D 
JNZ 
I....D 

fit- 1 

ST 
.sHE 

SR 

•JZ 
..IMP 

SR 

JZ 
KRE 
ILD 
XRE 
•J MP 

LD 
XRE 
DLV 

L.D 
RWE 
JNZ 

LD 
<PRL 

LD 

=:prh 

LD 
XRE 

<:ppi:.; 



RLLKVS<3> 
LOOP 

y. ■'' 20 

-12S<3> 

SHIFT 

SWIT0H':;2:;' 

SWITCH':;2;;' 



OVER 
LOOP! 

RELERS 

SWITCH(:2;:' 

SHIFT 
RLLKVS'::3::' 

5 

rllkvS'::3:j 

RELERS 
TEMPL'::2::' 

TEMPH<2;;' 

SWITCH<2> 



■JMP SCRN 

Figure 2C2-3 (Continued) 
2C2-6 



SRVE CODE 
DEBOUNCE 5 MS 

COMPRRE NEW WITH OLD 
IF = 0.. INVfiLID KEV 

ROW DRIVER TO E REG. 
RERD ROW INTO RCCUM 
IF NOT 0.. VRLID KEV 

I NCR SWITCH BV 8 

ROW DRIVER INTO RCCUM 

NO KEV FOUND 



IF = 0.. KEV DECODED 
SRVE CODE IN E REG 
I NCR SWITCH VRLUE 
RECRLL FOR NEXT SHFT 

RERD KEV MRTRIX 
SRVE CODE 
DEBOUNCE 5 MS 

COMPRRE NEW WITH OLD 
IF 0.. KEV RELERSED 



; RESTORE PTR 3 

GET KEVCODE 
.1 SRVE CODE IN E REG 

RETURN TO CALLING 

PROGRRM 



±m 

111 .i Df-lT H flRER 

11.2 
11 3 

114 0200 RHl'1 = Xe30i;:J 
115 

llib 0000 £;flVE ~ 0 

IIP 

119 0001 1 1:- MFl.. --^ 1 
119 

120 0002 TEhPri ~ 2 
121 

122 000 .< SWITCH ~ 2 

12 

124 0004 l<.EVMD 4 

125 

126 00SF FiU....K;yS = >'-'2F 

127 

128 0y00 PERIPH - ft - 0900 

:1 22 
120 

121 0000 END 



0i.J.l::VS 002F 

I..JJUP1 002D 

Rfiil 0:::00 

••;.i::mN 0010 

swrrcH 0002 



KEVMD 0004 + 

UVER 001C 

RELEhS 0047 

SHIFT eesE 

1 EMPH 0002 



LOOP 0021 

PERIPH 0900 

SRVE 0000 

STftRT 000D * 

TEMPL 0001 



NO ERROR LINES 
SOURCE CHECKSiJi'1=55?B 

I- ++D I SC SECTORS USED*** 

FIRST INPUT SECTOR HEK - 0292 
Firifll... INPUT SECTOR HEX ~ 0296 
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Figuie 2C2-3 (Concluded) 
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USING SC/MP WITH A KEYBOARD (20-KEY) ENCODER 

General Description 

The keyboard matrix and the 20-key encoder shown in 
figure 2C2-4 can be used with SC/MP to provide continuous 
keyboard scanning or the keyboard can be used as an inter- 
rupt device. For continuous scanning, the 'Sense B' input to 
SC/MP is tested for a 'logic 1', and if this condition is de- 
tected, the 5 -bit key code is stored in RAM and the program 
halts. In a real-hfe system, the code could be saved in the 
Extension Register and control could be transferred to a 
user routine that processes the keycode data. 

When the keyboard is used as an interrupt device, SC/MP 
executes a 'main' program until a 'logic 1' (keycode input 
available) is detected at the 'Sense A' input. The program 
then jumps to an interrupt service routine, which inputs the 
code, saves it in the Extension Register, and returns control 
to the interrupted program. 

System Operation 

In figure 2C2-1 where SC/MP is used as a keyboard scanner, 
the binary code for each key is computed by the program. 
As shown in figure 2C2-4, the TRI-STATE CMOS encoder 
(MM74C923) provides all of the key-encoding logic, and, in 
addition, it provides switch debouncing and a 2-key rollover 
function. The 2-key rollover guarantees that the Data Avail- 
able Signal at pin 13 goes from a logic '1' (upon vaHd key 
entry) to a logic '0' — even though a second key is depressed 
before the first 1-to-O transition is completed. A logic '1' 
for the second key will then appear at pin 13 after some 
predetermined debounce interval. Operation of the key en- 
coder system is very simple and straightforward. When 
closure of a key contact is detected, the encoder debounces 



the key and loads the appropriate binary code into five 
TRI-STATE output latches; the presence of this output 
data is indicated by driving the Data Available Signal high. 
As shown, the Data Available Pin is connected to the Sense 
B input of SC/MP or, if the keyboard is interrupt-drlven, to 
Sense A. In either case, SC/MP responds by outputting the 
assigned keyboard address, and at read-strobe (NRDS) time, 
pin 14 (the Output Enable Signal) of the encoder is driven 
low. Subsequently, the latched keycode data are read into 
the Accumulator. 

Software Considerations 

Minimum software support for the keyboard encoder shown 
in figure 2C2-4 includes a scan (or interrupt service) routine 
for inputting data to SC/MP. In more-sophisticated software 
systems, the program, in addition to the basic scan function, 
may include recognition code for any combination of hex/ 
command keys and also some sort of debug code to ensure 
vahd processing of the input data. Some software examples 
are given in figures 2C2-5 and 2C2-6; a summary of these 
programs follows. 

Figure 2C2-5 

This program uses the Sense B input for keyboard interro- 
gation and uses the Extension Register to index the keys; 
the keycode data are stored in memory with no processing 
involved. 

Figure 2C2-6 

This program uses Sense A as a keyboard interrupt; the 
interrupt service routine gets the keycode, saves it in the 
Extension Register, and then returns to the main program. 
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FROM AD- 
DRESS PORT 
OF SC/MP 



READ STROBE 
(NRDS) FROM SC/MP 



NOTES: 

1. This configuration represents just one of 
many ways to build and interface a key- 
board encoder. If other components 
and interfacing methods are used, elec- 
trical specifications should be the 
composite equivalent of those shown. 

2. Quad 2-input OR gates (DM 74L32), or 
equivalent. 

3. Unused pins that can be left untermi- 
nated are not shown. 




TO SENSES OR. IF 
INTERRUPT-DRIVEN, 

TO SENSE A 



TO DATA PORT 
OF SC/MP 



NS10547 



Figure 2C2-4. Using SC/MP with A Keyboard (20-Key) Encoder 
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ENTER 





1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 
12 
13 
14 
15 
16 

17 0000 

18 0001 

19 0002 

20 0004 

21 0005 

22 0007 

23 0008 

24 000R 

25 000C 

26 000D 



t 

EXIT 

*Low Cost Dcvalopment SytUm 
for SC/MP. 



TITLE SCRN. ' 20 KEV KVBD SCAN 



iTHIS PROGRftM IS USED WITH THE 74C923 20 KEV 

.;KEVBOftRD ENCODER. THE PORTION OF THE PROGRAM 

i LABELED MAIN IS USED AS A MEANS TO GET TO 

; THE KEVBOARD SCAN ROUTINE. 

} SENSE B IS CONNECTED TO THE DATA VALID 

J SIGNAL OF THE 74C923. 

;20 KEV CODES ARE STORED IN MEMORV. 

; THE ROUTINE THEN EXITS TO USER PROGRAM. 



08 
04 
C400 
32 

C403 
36 

C414 
CA00 
05 

C402 



NOP 




DINT 




LDI 


L<RAM> 


XPAL 


2 


LDI 


H<RAM> 


XPAH 


2 


LDI 


X'14 


ST 


<2> 


I EN 




LDI 


2 



;PTR 2 = DATA BUFFER 

i STORE COUNT 

i ENABLE INTERRUPT 



Figure 2C2-5. Using Sense B of SC/MP to Input Keycode Data - Flowchart and Program Listing 
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27 


000F 


01 




XAE 




• •"'CT C C'Crr^ T CTCTC* — o 
.» -tt 1 t KCLU i 3 1 tK — cL 




0010 


C401 


Er4Tr.T . 


Lul 


l_ K Kt bU 




29 


0012 


31 




KPAL 


1 




3'0 


0013 


C4Gi9 




1 r% T 

LDl 


H<KVBD> 




31 


0015 


3:5 




aPHH 


1 


jP0ir4TER 1 = KEVBOARD ADDRESS 


22 














3S 














34 








THE 


NEXT SECTION OF CODE STORTING WITH 


35 








THE 


LABEL '■ 


bCHN AND ENDINb WITH THE 


36 








; INSTRUCTION 


JNZ RELEASE IS THE ALTUHL 


S7 








TESTING FOR 


KEVBUARD INPUT AND KEY RELEHbE. 


38 














39 














40 














41 














42 


0016 


06 


SCAN : 


L-3ri 






43 


0017 


D420 




T 

rlNl 


?S cL0 


1 inJI»r«. 1 *mJ 1 C — ' 1 3Cl.l<t_*EL D X 1^1 L.» 1 


44 


0019 


9C0cf 






T KIOI IT 

i Nr U 1 




45 


001B 


90F9 




Jrlr 




• CPWCP P ^ Cdi pnWT T Kli IP 


46 


001D 


C:100 


INPUT : 






.» Ut 1 Kt T DUnKL* 


47 


001F 


D41F 




C^hl T 

rlNi 




♦ PI QKJk' U T 


48 


0021 


Cfl01 




CT 






49 


0023 


06 


RELEfiS 


r*cci 










rn -IOC* 




nr* 1 




; Mft<=;k* Tfi tf<=;t <=*.fw<=*.f b 










JNZ 


RELEfiS 


; TF Am IM = 1. L nop UNTIL 














: k'FV PFI FA<^.Fr5 








1 in 1 r4 . 


LD 






OH 








ST 


-128<2> 


• cipvj'f k'FvrnnF tn data ruff 


55 


002C 


02 




CCL 






56 


00ciD 


40 




LDE 






57 


00<^E 


f~ A f^A 

F401 




flDI 


1 




58 


0030 


01 




XflE 




i E REG I •^ITER UPDATED FOP U^.E 


53 












.ifiS INDEX ON DftTfi BUFFER 


60 


00J>1 


bn00 




DLD 


<2> 


.: DECREMENT COUNT 


61 


00 J- 


9CE1 




JNZ 


SCAN 




Sid 






EX I T : 






J AFTER 20 KEVS TAKEN CONTINUE 














} USER PROGRAM 


64 




























66 




0901 


KVBD = 


X-0901 




67 




0300 


RAM = 






68 














69 














70 




0000 






END 




ENTRV 


0010 




EXIT 


0025 


* INPUT 001D 


KVBD 


0901 




MfilN 


0028 


* RAM 0200 


RELEflS 


0023 




SCON 


0016 





NO ERROR LINES 
SOURCE CKEC:KSUM=81EB 
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Figure 2C2-5 (Concluded) 
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i 



DISABLE INTER- 
RUPT. INITIALIZE 
POINTERS, THEN EN- 
ABLE INTERRUPTS 



ENTER 
USERS 
PROGRAM 



(INTERRUPT ^ 
SERVICE J 









SAVE CODE IN 
EXTENSION 
REGISTER 










WAIT FOR 
KEY RELEASE 









ENABLE 
INTERRUPTS 



READ 
KEYBOARD 



(RETURN TO ^ 
MAIN PROGRAM J 



1 
2 

4 

5 
6 
7 
8 
9 
10 
11 
12 
12 
14 
15 
16 
1? 
18 
19 
20 
21 
22 
23 
24 
25 
26 



TITLE SCRNl, 'SC/MP TO 20 KEV KEVBOflRD' 



;THIS PROGRAM USES SENSE fl RS AN INTERRUPT TO 

.i SC/MP.. RND WORKS WITH THE 74C923 KEVBOflRD ENCODER. 

.! THE KEV CODE IS NOT PROCESSED 

.i DEPRESSION OF RNV KEV CRUSES RN INTERRUPT 

^THE PROCESSOR THEN GETS THE KEV CODE. 



; INITIALIZE RND WRIT FOR INTERRUPT 



0000 

0001 
0002 
0004 
0005 
0007 
0008 
000R 
000B 
000D 
000E 



08 
04 

C410 

23 

C400 

37 

C401 
31 

C409 

35 

05 



NOP 

DINT 

LDI 

XPRL 

LDI 

XPRH 

LDI 

XPRL 

LDI 

XPAH 

I EN 



L<KEVSAV>-1 
3 

H<KEVSRV> 

3 

L<KVBD> 
1 

H<KVBD> 
1 



DISRBLE INTERRUPT 



PTR 3 = INTERRUPT SERVICE 



;PTR 1 = KEVBORRD ADDRESS 
; ENABLE INTERRUPT 



Figure 2C2-6. Using Keyboard as Interrupt Device (via Sense A) - Flowchart and Program Listing 
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27 
28 
29 
30 
31 
32 
32 
24 
35 
36 

38 
39 
40 
41 
42 
42 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 



THE NEXT INSTRUCTION SIMULflTES R 
USERS MAIN PROGRAM. IN THIS CASE THE 
PROGRAM IS WASTING TIME WAITNG FOR 
AN INTERRUPT FROM THE KEYBOARD. 



000F 90FE LOOP: 



JMP 



LOOP 



AWAITING INTERRUPT 



THE FOLLOWING CODE IS THE INTERRUPT 
SERVICE. THIS ROUTINE GETS THE KEVCODE. 
SAVES IT IN THE E REGISTER AND RETURNS 
TO THE MAIN PROGRAM. 



0011 
0013 
0015 
0016 
0017 
0019 



C100 

D41F 
01 

06 

D410 
9CFB 



KEVSAV : 



RELEAS : 



LD 
AN I 
XAE 
CSA 
AN I 
JNZ 



<1> 
X'lF 



X'10 

RELEAS 



GET KEVCODE 

BLANK HI 2 

SAVE CODE IN E REG 



MASK 
WAIT 



TO TEST 
FOR KEV 



SENSE A 
RELEASE 



AT THIS POINT THE USER SHOULD SAVE 
THE KEVCODE IN TEMP STORAGE. OR 
CONTINUE TO PROCESS THE CODE IN 
THE INTERRUPT ROUTINE 



58 
59 
60 
61 
62 
62 
64 
65 
66 
67 
68 



001B C702 



001D 
001E 



05 
2F 



001F 90F0 



LD 

I EN 
XPPC 

JMP 



e2<2> 



0901 KVBD 



KEVSAV 



X'0901 



0000 



SCAN! SC/MP TO 20 

KEVSAV 0011 
RELEAS 0016 



END 

KEV KEYBOARD 



KVBD 



0901 



.i MODIFY P2 TO SKIP LOOP 
.:AND CONTINUE MAIN PROG. 
> ENABLE INTERRUPT 
; RETURN TO MAIN PROG. 
;WITH KEVCODE IN E REG. 



LOOP 



000F 



NO ERROR LINES 
SOURCE CHECKSUM=8D75 
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Figure 2C2-6 (Concluded) 
2C2-12 



USING SC/MP WITH THE MM5740 
(90-KEY) ENCODER 

General Description 

Figure 2C2-7 shows one way in which SC/MP might be 
interfaced to a relatively large key matrix. This particular 
scheme uses a 90-key encoder with supporting circuit pe- 
ripherals, a unified bus comparator for address assignment, 
and a TRI-STATE octal output buffer. The encoder is ca- 
pable of providing a 9-bit output code; however, in figure 
2C2-7, only 8 bits are used - DBO through DB6 for keycode 
information and DB7 for parity. The encoder also provides 
internal switch debouncing and a 2-key (or N-key) rollover 
function. 

System Operation 

Clock requirements for the encoder are supplied by an 
LA1555 oneshot; this circuit provides a suitable operating 
frequency. The shift, shift lock, and special-character con- 
trol functions are implemented, respectively, by switches 



SI, 82, and S3; a shift-lock indicator is provided also. The 
encoder is operated in the pulse data strobe mode; hence, 
when vaUd data are entered by the keyboard, the valid-data 
'flag' (pins 13/14) is latched for timing compatibility with 
the Sense A (interrupt mode) or the Sense B (scan mode) 
inputs. For either operating mode, SC/MP responds by out- 
putting the assigned keyboard address, and at read-strobe 
(NRDS) time, the output of the TRI-STATE buffer is en- 
abled. Accordingly, the keycode data (BDO through BD7) is 
read into SC/MP. 

Software Considerations 

Software requirements for the MM5740 system could be 
similar to those shown in figure 2C2-5 (scan mode) and 
figure 2C2-6 (interrupt mode). In some applications, the 
keycode data can be ii^terpreted by more than one program. 
For instance, one program might implement a quality con- 
trol function, another could use the same data for display 
purposes, while a third program could use the data for sta- 
tistical analysis. 
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NOTES: 

1. This configuration represents only one of 
many ways to build and interface a keyboard 
encoder. If other components and interfacing 
methods are used, electrical specifications 
should be the composite equivalent 

of those shown. 

2. Timer (LM555), or equivalent. 

3 QUAD 2 Input OR Gate (DM 7432), or 
equivalent. 

4. Triple 3 Input NAND Gate (DM 7410). 
or equivalent. 

5. HEX Converter (DM 7404), or equivalent. 

6. If SC/MP chip IS not buffered, low-power 
devices are required-see figure 18 for 
buffered SC/MP chip. 




NRDS FROM 
SC/MP 



TO SENSE B, OR. 
IF INTERRUPT 
DRIVEN. TO 
SENSE A 
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Figure 2C2-7. Interfacting SC/MP with the MM5740 (90-Key) Encoder 



AN INTERRUPT-DRIVEN 
KEYBOARD/DISPLAY SYSTEM 

General Description 

The preceding applications (figures 2C2-1, 2C2-4, and 
2C2-7) show how SC/MP can be used to input and process 
data from a keyboard. This application shows how SC/MP 
can be used to develop a functional keyboard/display sys- 
tem that is interrupt-driven; a block diagram of the system 
is shown in figure 2C2-8. Besides SC/MP, the system hard- 
ware consists of a 20-key matrix (16 hexadecimal and 
4 command keys), a 20-key encoder, a 6-digit/7-segment 
LED display that is software multiplexed, and appropriate 
memory, decode, and buffer/driver devices. System soft- 
ware consists of a monitor program that allows user to 
read or modify (write into) a memory location, to execute 
a program starting at any address, and to abort the inter- 
rupt service at any time. Four main subroutines are callable 



from the keyboard: SCAN, MUXDIS, G4HEX,andG2HEX. 
The SCAN subroutine gets vaUd keycode data from the 
20-key matrix; also, this subroutine automatically calls the 
MUXDIS subroutine, which services the LED display. The 
G4HEX and G2HEX subroutines also call up SCAN and 
get, respectively, four hexadecimal characters and two 
hexadecimal characters from the keyboard. The hexadeci- 
mal characters are stored in a temporary table (six con- 
secutive memory locations) and then are packed in three 
contiguous memory locations with the following assign- 
ments: HIGH ADDRESS, LOW ADDRESS, and DATA. 

Memory assignments for the entire keyboard/display sys- 
tem are shown in the memory map of figure 2C2-8. The 
foregoing monitor program is resident in the 512-by-8 
PROM; an additional 30 words of RAM also are required 
for this program. Memory services for the keyboard and dis- 
play peripherals are as shown. 
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Figure 2C2-8. Interrupt-Driven Keyboard/Display System- Block Diagram and Memory Map 



System Operation 

Any one of the 20 keys can be pressed to initiate an inter- 
rupt, and when this condition occurs, the six LED indicators 
display a OOdOOO as an 'interrupt-recognition' code. 

NOTE 

Although the depression of any key causes 
an interrupt, the interrupt will automati- 
cally abort if the key is not a legitimate 
command - thus, the operator may not 
see the initial message OOdOOO. 

Once the interrupt is accepted, the keyboard/display system 
can be utiUzed in any one of three modes — READ, MODI- 
FY, and EXECUTE; a fourth mode (ABORT) is used to 
return control to the interrupted program. The first key 
entered must be a legitimate READ, MODIFY, or EXECUTE 
command; if the key entry is invalid, or if a vaUd command 
is followed by an illegal sequence of keys, the interrupt ser- 
vice is exited just as though the 'ABORT' key were pressed. 

Operating procedures and a summary of results for each 
command key are given below. 

READ Mode 

1. Depress and release READ key. 

2. Enter address by 'press-and-release' of any four hexa- 
decimal keys; display will show 4-digit hexadecimal 
address and 2-digit hexadecimal data in that address. 
After address is entered, it can be incremented and dis- 
play updated by successively pressing READ key. 

3. To modify a memory location while in read mode, pro- 
ceed as follows: 

Press MODIFY key and then whichever two hexa- 
decimal keys are required for data modification. 
Before new data are entered, display will show hex- 
adecimal address and 'old' data; after modification, 
display will show same address and 'new' data. 

4. Return to interrupted program by 'press-and-release' of 
ABORT key. 



MODIFY Mode 

1 . Depress and release MODIFY key. 

2. Enter address by 'press-and-release' of any four hexa- 
decimal keys; enter data in selected address by 'press- 
and-release' of any two hex keys. Before new data is 
entered, display will show hexadecimal address and 
'old' data; after modification, display will show same 
address and 'new' data. 

3. After address is entered, it can be incremented and dis- 
play updated by successively pressing MODIFY key. 

NOTE 

If, after entry of each modify command, 
user fails to enter 2-key hexadecimal data, 
interrupt service is terminated and control 
is returned to interrupted program. 

4. To transfer from modify mode to read mode, simple 
'press-and-release' READ key after completion of any 
legitimate modify command. 

XECUTE Mode 

1 . Depress and release XECUTE key. 

2. Press and release four hexadecimal keys to specify 
point-of-entry address and to transfer control to user's 
program. 

NOTE 

Entry errors for first three keys can be 
nullified by pressing ABORT and then re- 
peating operating sequence for XECUTE. 
Once fourth key is entered and address is in 
error, system may require reinitialization. 

ABORT Mode 

1 . Depress and release ABORT key. 

2. Interrupt service is exited and control is transferred to 
interrupted program. 
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Software Considerations 

The following entry and subroutine-calling codes (or their 
functional equivalents) must be implemented in the users 
program if the keyboard/display is used for anything other 
than a passive monitor. 



Coding schemes to satisfy each of the preceding require- 
ments are described in the Ustings that follow. Figures 
2C2-9 through 2C2-12 that follow the listings provide a 
software flowchart for each subroutine and other relevant 
code; figure 2C2-13 provides a complete printout of the 
monitor program. 



1 . Entry Code to INTERRUPT SERVICE Routine 

2. Calling Code for MUXDIS Subroutine 

3. Calling Code for Keyboard SCAN Routine 

4. Calling Code for G4HEX Routine 

5. Calling Code for G2HEX Routine 



System Schematics 

Pin-to-pin wiring of the keyboard/display system is shown 
schematically in figure 2C2-14. 



Purpose: 

Conditions: 

Code: 



Calling Interrupt Service Routine via Pointer 3. 
Following Code must appear somewhere in users program. 



• 

LDI 
XPAL 
LDI 
XPAH 



lEN 



X'FF 
3 

X'D 
3 



USERS PROGRAM 



GET LOW-ORDER BYTE OF INTERRUPT ADDRESS 
PUT IN POINTER REGISTER 3 

GET HIGH-ORDER BYTE OF INTERRUPT ADDRESS 
PUT IN POINTER REGISTER 3 

POINTER 3 NOW LOADED WITH '1-LESS' THAN THE ADDRESS OF 
THE INTERRUPT SERVICE ROUTINE 
ENABLE INTERRUPT 

CONTINUE USERS PROGRAM 

;WHEN ANY KEY IS DEPRESSED, USERS PROGRAM IS 
INTERRUPTED AND KEYBOARD MONITOR PROGRAM IS 
EXECUTED 



Purpose : 
Conditions: 



Code: 



RETURN: 



Call MUXDIS Subroutine. 

Locations X'D80 through X'D85 must be preloaded with the information to be displayed the hex digit in 
X'D80 and least significant digit in X'D85; Pointer 2 must be equal to X'D80. This subroutine saves the contents 
of calling Pointer 1 upon entry and restores this pointer upon exit. 



• 

DINT 

LDI 

XPAL 

LDI 

XPAH 



XPPC 

<-- 
lEN 



X'55 
1 

X'F 
1 



> 



USERS PROGRAM 



DISABLE INTERRUPT 

GET LOW-ORDER BYTE OF MUXDIS SUBROUTINE ADDRESS 
PUT LOW-ORDER BYTE IN POINTER 1 

GET HIGH-ORDER BYTE OF MUXDIS SUBROUTINE ADDRESS 
PUT HIGH-ORDER BYTE IN POINTER 1 

POINTER 1 NOW LOADED WITH '1-LESS' THAN THE ADDRESS 
;0F THE MUXDIX SUBROUTINE 
CALL MUXDIS SUBROUTINE 

INSTRUCTION TO BE EXECUTED UPON RETURN FROM MUXDIS 
ENABLE INTERRUPT SO MONITOR PROGRAM CAN BE EXECUTED 
UPON ENTRY FROM KEYBOARD 



CONTINUE USERS PROGRAM 
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Purpose: Calling Keyboard SCAN Subroutine via Pointer 3. 

Conditions: Pointer 2 must be loaded with X'D80. If Pointer 2 is already being used as the RAM pointer, the following code 
is required to implement the subroutine call. 

Code: DINT ;DISABLE INTERRUPT 

LDI H(USER RAM BASE) ;GET HIGH-BASE RAM ADDRESS IN ACCUMULATOR 

XPAH 2 ;PUT HIGH-BASE RAM ADDRESS IN POINTER 2 AND 'OLD' 

;P2-HIGH IN ACCUMULATOR 
XAE ^TEMPORARILY SAVE 'OLD' P2-HIGH IN EXTENSION 

LDI L(USER RAM BASE) ;GET LOW-BASE RAM ADDRESS IN ACCUMULATOR 

XPAL 2 ;PUT LOW-BASE RAM ADDRESS IN POINTER 2 AND 'OLD' 

;P2-L0W IN ACCUMULATOR 
ST P2SAV(2) ;SAVE 'OLD' P2-L0W IN P2SAV 

LDE ;PUT 'OLD' P2-HIGH IN ACCUMULATOR 

ST P2SAV+1(2) ;SAVE 'OLD' P2-HIGH IN P2SAV+1 WHERE 'P2SAV' AND 

;'P2SAV+1' ARE RESERVED RAM LOCATIONS WITHIN 

;BASE-VALUE DISPLACEMENT RANGE OF USER RAM 
LDI X'29 ;LOAD ACCUMULATOR WITH '1-LESS' THAN LOW-ORDER 

;ADDRESS OF SCAN ROUTINE 
XPAL 3 ;PUT LOW-ORDER ADDRESS OF SCAN IN POINTER 3 AND 

;OLD' P3-L0W IN ACCUMULATOR 
ST P2SAV+2(2) ;SAVE 'OLD' P3-L0W IN P2SAV+2(2) 

LDI X'F ;GET HIGH-ORDER ADDRESS OF SCAN ROUTINE 

XPAH 3 ;PUT HIGH-ORDER ADDRESS OF SCAN IN POINTER 3 AND 

;'OLD' P3-HIGH IN ACCUMULATOR 
ST P2SAV+3(2) ;SAVE 'OLD' P3-HIGH IN P2SAV+3 WHERE 'P2SAV+2' AND 

;'P2SAV+3' ARE RESERVED RAM LOCATIONS WITHIN 

;BASE-VALUE DISPLACEMENT RANGE OF USERS RAM 
LDI X'80 ;GET LOW-ORDER RAM-BASE ADDRESS FOR SCAN 

XPAL 2 ;PUT LOW-ORDER ADDRESS IN POINTER 2 

LDI X'D ;GET HIGH-ORDER RAM-BASE ADDRESS FOR SCAN 

XPAH 2 ;PUT HIGH-ORDER ADDRESS IN POINTER 2 

XPPC 3 ;CALL SCAN ROUTINE 

< > ;RETURN FROM SCAN WITH KEYCODE IN EXTENSION REGISTER 

LDI H(USER RAM BASE) ;GET HIGH-BASE RAM ADDRESS IN ACCUMULATOR 

XPAH 2 ;RESTORE HIGH-BASE RAM 

LDI L(USER RAM BASE) ;GET LOW-BASE RAM ADDRESS IN ACCUMULATOR 

XPAL 2 ;RESTORE LOW-BASE RAM 

LDE ;GET KEYCODE IN ACCUMULATOR 

ST ESAV(2) ;SAVE KEYCODE IN USERS RAM 

LD P2SAV+3(2) ;GET 'OLD' HIGH-ORDER CONTENT OF POINTER 3 

XPAH 3 ;RESTORE 'OLD' P3-HIGH 

LD P2SAV+2(2) ;GET 'OLD' LOW-ORDER CONTENT OF POINTER 3 

XPAL 3 ;RESTORE 'OLD' P3-L0W 

LD P2SAV+1(2) ;GET 'OLD' LOW-ORDER CONTENT OF P2 

XAE TEMPORARILY SAVE 'OLD' P2-L0W IN EXTENSION 

LD P2SAV(2) ;GET 'OLD' HIGH-ORDER CONTENT OF P2 

XPAH 2 ;RESTORE 'OLD' HIGH-ORDER CONTENT OF POINTER 2 

LDE ;GET 'OLD' P2-L0W FROM EXTENSION 

XPAL 2 ;RESTORE 'OLD' LOW-ORDER CONTENT OF POINTER 2 

.CONTENTS OF P2 IS NOW THE SAME AS IT WAS BEFORE 
;CALLINGSCAN ROUTINE 

• .CONTINUE USERS PROGRAM 

• 
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Purpose: How to save and restore pointers when calling 
G4HEX Subroutine via Pointer 1 . 

Conditions: Pointer 3 must contain SCAN address and 

Pointer 2 must point to X'D80 (RAM base for 
code that follows). Locations SAV3L0/ 
SAV3HI must be preloaded by the user for 
program return in case of an entry error from 
keyboard. Pointer 2 is the RAM pointer for 
the users program; thus, a few RAM locations 
within displacement range of the base-value 
of the users fixed RAM must be reserved- 
see illustration. 




USERS 
* FIXED 
RAM 



USERS 
» CHANGING 
RAM 



Code: 



• 

DINT 

LDI 

XPAH 

XAE 

LDI 

XPAL 



ST 
LDE 
ST 
LDI 

XPAL 

ST 

LDI 

XPAH 

ST 



LDI 

XPAL 

ST 
LDI 



H(USERS RAM BASE) 
2 



L(USERS RAM BASE) 
2 



P2SAVL(2) 

P2SAVH(2) 
X'29 



P3SAVL(2) 

XT 

3 

P3SAVH(2) 



X'82 
1 

P1SAVL(2) 
XT 



USERS PROGRAM 



DISABLE INTERRUPT 

GET HIGH-BASE RAM ADDRESS IN ACCUMULATOR 
PUT HIGH-BASE RAM ADDRESS IN POINTER 2 AND 'OLD' 
P2-HIGH IN ACCUMULATOR 

TEMPORARILY SAVE 'OLD' P2-HIGH IN EXTENSION 

GET LOW-BASE RAM ADDRESS IN ACCUMULATOR 

PUT LOW-BASE RAM ADDRESS IN POINTER 2 AND 'OLD' 

P2-L0W IN ACCUMULATOR. POINTER 2 IS NOW EQUAL 

TO USERS RAM BASE. 

SAVE 'OLD' VALUE OF P2-L0W 

PUT 'OLD' VALUE OF P2-HIGH IN ACCUMULATOR 

SAVE 'OLD' VALUE OF P2-HIGH 

LOAD ACCUMULATOR WITH '1-LESS' THAN LOW-ORDER 
ADDRESS OF SCAN ROUTINE 

PUT LOW-ORDER ADDRESS OF SCAN IN POINTER 3 AND 

'OLD' P3-L0W IN ACCUMULATOR 

SAVE 'OLD' P3-L0W IN P3SAVL(2) 

GET HIGH-ORDER ADDRESS OF SCAN ROUTINE 

PUT HIGH-ORDER ADDRESS OF SCAN IN POINTER 3 AND 

OLD' P3-HIGH IN ACCUMULATOR 

SAVE 'OLD' P3-HIGH IN P3SAVL(2) WHERE 'P3SAVL(2)' 
AND 'P3SAVH(2)' ARE RESERVED RAM LOCATIONS WITHIN 
BASE-VALUE DISPLACEMENT RANGE OF USERS RAM 
LOAD ACCUMULATOR WITH '1-LESS' THAN LOW-ORDER 
ADDRESS OF G4HEX SUBROUTINE 

PUT LOW-ORDER ADDRESS OF G4HEX IN POINTER 1 AND 
'OLD' PI -LOW IN ACCUMULATOR 
SAVE 'OLD' PI -LOW 

GET HIGH-ORDER ADDRESS OF G4HEX SUBROUTINE 



202-20 



CALL: 



XPAH 

ST 

LDI 

XPAL 

LDI 

XPAH 

LDI 
ST 



XPPC 

DINT 

LDI 

XPAH 

LDI 

XPAL 

LD 

XPAL 
LD 

XPAH 
LD 

XPAL 
LD 

XPAH 
LD 
XAE 
LD 

XPAH 

LDE 

XPAL 



lEN 



1 

P1SAVH(2) 

X'80 

2 

X'D 
2 

L(CALL) 
XT8(2) 



1 

HIUSER RAM BASE) 
2 

L(USER RAM BASE) 
2 

P3SAVL(2) 
3 

P3SAVH 
3 

P1SAVL(2) 
1 

P1SAVH(2) 
1 

P2SAVL(2) 

P2SAVH(2) 
2 



PUT HIGH-ORDER ADDRESS OF G4HEX IN POINTER 1 
AND 'OLD' P1-HIGH IN ACCUMULATOR 
SAVE 'OLD' PI-HIGH 

;GET LOW-ORDER RAM BASE FOR G4HEX CODE 

PUT LOW-ORDER BYTE IN POINTER 2 

GET HIGH-ORDER RAM BASE FOR G4HEX CODE 

PUT HIGH-ORDER BYTE IN POINTER 2. POINTER 2 

NOW CONTAINS BASE RAM ADDRESS. 

GET LOW-ORDER CALLING ADDRESS FOR G4HEX 

LOCATIONS X'DF8/X'DF9 ARE ESCAPE ROUTES IN CASE 

OF ERROR AND MUST BE LOADED WITH THE ADDRESS OF 

USERS PROGRAM WHERE THE CALL TO G4HEX OCCURS. 

CALL G4HEX SUBROUTINE 

DISABLE INTERRUPT 

RETURN FROM G4HEX 



POINTER 2 NOW EQUAL TO BASE ADDRESS OF USERS RAM 
GET 'OLD' LOW-ORDER CONTENT OF POINTER 3 
RESTORE 'OLD' P3-L0W 

GET 'OLD' HIGH-ORDER CONTENT OF POINTER 3 

RESTORE 'OLD' P3-HIGH 

GET 'OLD' LOW-ORDER CONTENT OF PI 

RESTORE 'OLD' PI-LOW 

GET 'OLD' HIGH-ORDER CONTENT OF P1 

RESTORE 'OLD' HIGH-ORDER CONTENT OF POINTER 1 

GET 'OLD' LOW-ORDER CONTENT OF P2 

TEMPORARILY SAVE 'OLD' P2-L0W IN EXTENSION 

GET 'OLD' HIGH-ORDER CONTENT OF P2 

RESTORE 'OLD' HIGH-ORDER CONTENT OF POINTER 2 

GET 'OLD' P2-L0W FROM EXTENSION 

RESTORE 'OLD' LOW-ORDER CONTENT OF POINTER 2 

CONTENTS OF P2 IS NOW THE SAME AS IT WAS BEFORE 

CALLING G4HEX ROUTINE 

ENABLE INTERRUPT 

CONTINUE USERS PROGRAM 



Return Status: Upon return to users program, the G4HEX Subroutine has loaded and packed 4-hex characters as indicated 
below. 




MEM LOG 



RAM ADDR 



MEMORY PACK 



X'D80 



X'D81 



X'D82 



X'D83 



X'D87 



X'D88 



7 6 5 4 


3 2|1|0 


MSD 


2nd MSD 




7|6|5|4 


3 1 2 1 1 0 


LSD 


2nd LSD 
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Purpose: How to save and restore pointers when calling G2HEX Subroutine. 

Conditions: Setup and control of pointers 1,2, and 3 and the escape locations are similar to their functional counterparts in 
parts in the preceding G4HEX subroutine. 

Code: Same as G4HEX code. 

Return Status: Upon return to users program, the G2HEX subroutine has loaded and packed 2-hex characters as indicated 
below. 



DIGIT 


MEM LOG 1 


MSD 


X'D84 


LSD 


X'D85 




RAM ADDR 



MEMORY PACK 



X'D89 



7 


6 


5 


4 


3 


2|l|0 


MSD 


LSD 



c 



ENTER INTERRUPT 
SERVICE 







SAVE AGO, E-REG. 
STATUS REGISTER, 
AND POINTERS 






P3 = SCAN ADDR;P2 = 
RAM PTR; INITIALLY, 
PI =MUXDIS 



CLEAR INDEX AND 
MODE STATUS 
WORDS 






SET DISPLAY 
TABLE = OOdOOO 






MULTIPLEX LED 
DISPLAY 







c 



ENTER 
COMMAND LOOP 



SCAN KEYBOARD AND 
RETURN WITH CODE 
IN E-REG 




MODE STATUS: 

X'OO No Command Received 
X'01 'Mod' Previously Received 
X'02 'Rd' Previously Received 



YES 



Q 



EXIT INTERRUPT 
RETURN TO INTER 
RUPTED PROGRAM 



YES 



c 



ENTER MODIFY 
SUBROUTINE 



3 



YES 



C 



ENTER XECUTE 
SUBROUTINE 



YES 



NO 

EXIT— C&MMAND 
KEY NOT PRESSED 
ON 1ST TRY 



ENTER READ 
SUBROUTINE 



NS10552 



Figure 2C2— 9. Flow Diagram for Interrupt Service Routine 
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YES ^X^PREVIOUSLy"" 
ENTERED 



INCREMENT ADDR; 
UPDATE ADDR 
DISPLAY TABLE 




I MODE STATUS = 
[_ X'02 



WAS 

MODIFY "S»^ YES 
PREVIOUSLY 
.ENTERED^ 



SET MODE STATUS 
WORD " X'02 



SET MODE STATUS 
WORD = X'02 



GET4-HEXADDRCHAR: 
STORE IN DISP TABLE 
AND PACK IN MEM 



GET DATA FROM 
'PACK' MEM ADDR; 
STORE IN DISP TABLE 



C 



RETURN TO 
COMMAND LOOP 



) 



jCOMND LOOP DISPLAYS 
! ADDR & DATA INFO 



c 



ENTER XECUTE 
SUBROUTINE 



GET4 HEX ADR CHAR; 
STORE IN DISP TABLE 
AND PACK IN MEM 



RES! 
INTERRU 


rORE 

PT PTR (3) 


1 


DECREMENT 
ADDR PTR 






ENA 
INTEF 


BLE 
RUPT 



c 



TRANSFER CONT 
TO USERS PGM 



) 



C 



miBsm 



ENTER MODIFY 
SUBROUTINE 



5 



MODE STATUS = I 
__X201 j 



SET MODE STATUS 
WORD = X'01 




SET MODE STATUS 
WORD = X'01 






GET4-HEX/ 
STORE IN 
AND BAC 


^DDRCHAR; 
3ISP TABLE 
K IN MEM 



INCREMENT ADDR 
AND UPDATE 
DISPLAY 







GET 2-HEX DATA CHAR; 
STORE IN DISP TABLE 
AND PACK IN MEM 






MODIFY DATA AND 
UPDATE DISPLAY 



c 



RETURN TO 
COMMAND LOOP 



fcOMND LOOP DISPLAYS 
ADDR & DATA INFO 



C 



ENTER ABORT 
SUBROUTINE 



) 







BRANCH TO 1 
EXIT 1 






RESTORE ACC. E REG. 
STATUS REG, AND 
POINTERS 






ENABLE 
INTERRUPT 



TRANSFER CONTROL 
TO INTERRUPTED 
PROGRAM 
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Figure 2C2-10. Flow Diagrams for READ, MODIFY, XECUTE, and ABORT Subroutines 
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c 



ENTER G4HEX 
SUBROUTINE 



c 



CALL SCAN 
SUBROUTINE 







RETURN FROM SCAN 
WITH KEYCODE IN 
E-REGISTER 






SETUP PI 
LOOP CTf 

cour 


LOW AS 
^, WHERE 
JT = 4 



c 



ILLEGAL ENTRY; 
EXIT INTERRUPT 



) 




SAVE 4 LOW-ORDER 
BITS, STORE AUTO- 
INDEXED P2 



DECREMENT LOOP 
COUNT 



S^X^^OP COUNT^^ 



c 



JUMP TO DONE 
(FIG. 2C2-12) 





NO 


DECREMENTED LOOP 
COUNT IN PI-LOW 






RESTORE P2 BASE; 
SAVE MODIFIED 
P2-L0W 







c 



SAVE LOOP 
COUNT 







CALL SCAN 
SUBROUTINE 



RETURN FROM SCAN 
WITH KEYCODE IN 
E REGISTER 



GET LOOP COUNT; 
PUT IN PI LOW 



GET MODIFIED 
P2-L0W; PUT IN 
P2-LOW 



C 



ENTER G2HEX 
SUBROUTINE 



) 







SAVE 'OLD' PI 







c 



CALL SCAN 
SUBROUTINE 



) 



RETURN FROM SCAN 
WITH KEYCODE IN 
E REGISTER 



SETUP PI LOW AS 
LOOP CTR, WHERE 
COUNT = 2 



MODIFY P2 TO 
POINT TODISP TABLE 



GET KEYCODE 
FROM E-REG 




LEGAL ENTRY; 
XIT INTERRUPT 



D 



SAVE 4 LOW-ORDER 
BITS; STORE AUTO- 
INDEXED P2 



DECREMENT 
LOOP COUNT 



c 



JUMP TO DONE 
(FIG. 2C2-12) 



3 




REPLACE LOOP 
COUNT IN PI-LOW 



RESTORE P2 BASE 
SAVE MODIFIED 
P2 LOW 



SAVE LOOP 
COUNT 



c 



CALL SCAN 
SUBROUTINE 



) 







RETURN FROM SCAN 
WITH KEYCODE IN 
E REGISTER 






GET LOOP COUNT; 
PUT IN PI LOW 



GET MODIFIED 
P2-L0W; PUT IN 
P2-L0W 
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Figure 2C2-1 1. Flow Diagrams for G4HEX and G2HEX Subroutines 
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. . ...,_SCAN/MUXDIS 



ENTER 
SCAN/MUXDIS 
SUBROUTINES 







SETUP PI TO CALL 
MUXDIS ROUTINE 











REFRESH 
DISPLAY 






YES 




GET KEYCODE 
AND SAVE IN 
LOCATION 'E SAVE' 
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Figure 2C2-12. Flow Diagrams for SCAN/MUXDIS and DONE Subroutines 
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1 

2 
2 
4 
5 
6 
7 
8 
9 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 



51 
52 
53 
54 



0E00 



TITLE KVDISI. ^ KVBD ^ DISPLV 



; THIS ROUTINE IS RN INTERRUPT SERVICE. WHEN RNV KEV 
; IS PRESSED. THE PRESENT PROQRRM IS INTERRUPTED 
;RND THE KEVBORRD & DISPLRV RRE SERVICED UNTIL RN 
.5 ILLEGRL ENTRV IS MRDE OR THE RBORT KEV IS PRESSED. 
.jR STRTUS REGISTER IN RRM INDICRTES WHETHER 
> RERD OR MODIFV MODES CHOSEN 



i USERS MAIN PROGRRM MUST LORD POINTER 3 
iWITH X^0DFF OR X'0E5C RND ENSURE THRT 
; INTERRUPTS RRE ENRBLED WHEN KEVBORRD 
; CONTROL IS DESIRED. 



; COMMRNDS 



; MODIFV 
.; XECUTE 
; RERD 
; RBORT 

=X^0E00 



X-^l© 
X^ll 
X^12 
X''13 



.jLOCRTIONS ^SRVE^ thru 'SRVS'' RRE USED 
;T0 SRVE THE STRTUS OF THE INTERRUPTED 
PROGRRM. 



39 


0DFF 


SRVR: 


= . -1 


40 


0DFE 


SRVE : 


= . -1 


41 


0DFD 


SRVILO 


= . -1 


42 


0DFC 


SRVIHI 


. = . -1 


43 


0DFB 


SRV2L0 


. = . -1 


44 


0DFR 


SRV2HI 


. = . -1 


45 


0DF9 


SRV3L0 


. = . -1 


46 


0DF8 


SRV3HI 


. = . -1 


47 


0DF7 


SRVS: 


. = . -1 


48 


0D80 


RRM 


= X^D80 


49 


FFFF 


KVBD 


= -1 


50 


0D00 


LEDS 


= X''D00 



i THE NEXT GROUP OF EQURTE STRTEMENTS 
; DEFINE TEMPORRRV WORKING RRM USED 



Figure 2C2-13. Program Listing for Interrupt-Ehriven Keyboard/ENsplay System 
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;WITH POINTER 2 


oo 










Or 










OO 




















OU 






TOPI P 


ti 


^4 

ol 






<^TfiTI |€; 
^ 1 n 1 LPS 


~ o 


£0 






upnnp 

1 II IL/L/l^ 


SB 7 










= 8 






C7c707 




a 9 






Of tin 




s X^'R 


oo 






il 1 C»l li d 




O r 






SRVl 


= X^'C 








SRV2 


= X^D 








INDX 


= X^E 


1 o 






ESRV 


= X^F 


71 




0010 


L03 


= X^10 


f s. 




0011 


HI2 


= X^ll 


73 




0012 


CNT 


= X^12 


74 




0013 


SRVLl 


= X'12 


75 




0014 


SRVL2 


= X-'14 


76 










77 










78 




0E00 




E00 


7^ 










80 
























C8FF 


INTRPT- ST 


SRVR 








LDE 




84 




C8FB 


ST 


SRVE 


8S 










oo 






ST 


SRVS 


or 






1 HT 

L.L/ 1 














8Q 








SRVILO 








LDI 


H^MUXDIS) 


Qi 






yPRH 

rNi 1 II 1 












SRVIHI 


Q"? 
7^ 


APi f> 




1 HT 

L.L/ A 


1 c'PRM*) 


Q4 








O 
c. 








CT 
S 1 










1 DT 


H C' RRM > 


27 r 


APi Q 




XPRH 


2 




APi A 




CT 


SRV2HI 


77 














r4^Q 








Api p 




XPRL 






ikilPi P 




CTT 
^ i 


SRV2L0 








LDI 


H<SCRN> 


104 


0E22 


37 


XPRH 




105 


0E24 


C8D4 


ST 


SRV2HI 


106 


0E26 


C400 


LDI 


0 


107 


0E28 


CR00 


ST 


TRBLEC2> 


108 


0E2R 


CR01 


ST 


TRBLE-»-l<2> 


109 


0E2C 


CR04 


ST 


TRBLE+4<2> 



;SRVE RCCUM 

;SRVE E REGISTER 

;GET STRTUS 

;SRVE STRTUS REGISTER 



;PTR 1 SRVED 



;OLD PTR 2 SRVED. 
;PTR2 = RRM 
;GET KVBD SCRN RDDR 



NEM 



;CLERR DISPLRV TRBLE 



Figure 2C2-13 (Continued) 
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110 


0E2E 


CR05 




ST 


TRBLE+5'::2> 




111 


0Ej:0 


CR06 




ST 


STRTUS<2> 




112 


0E32 


CR0E 




ST 


I NDX < 2 > 




112 


0E34 


CR03 




ST 


TRBLE+"'' ' 




•1 1 4 
J. -1. ^ 




r4fin 




1 r»T 


V • ft 


.1 D * 










CT 
1 
















•1 
X 


.• L*' 1 — u I— n T ^imPL't'^m? 


i -1 "7 








IMP 

•J 1 Ir 






1 1 ft 


KJ CL 




FV T T • 








119 


0E3F 


CR06 




ST 




* "7FPri •=;tati i<=: f:tt<='. 


120 


0E41 


C0BC 




LD 


SRVILO 




121 


0E43 


31 




XPRL 


i 




122 


0E44 


C0B8 




LD 


SRVIHI 




123 


0E46 


35 




XPRH 


1 


.; PTR 1 RESTORED 


124 


0E47 


C0B4 




LD 


SRV2L0 




125 


0E49 


32 




XPRL 


2 




126 


0E4R 


C0B0 




LD 


SRV2H I 




127 


0E4C 


36 




XPRH 


2 


} PTR 2 RESTORED 


128 


0E4D 


C0RC 




LD 


SRV3L0 




129 


0E4F 


33 




XPRL 


3 




130 


0E50 


C0R8 




LD 


SRV3H I 




131 


0E52 


37 




XPRH 


3 


} PTR 3 RESTORED 


132 


0E53 


C0R4 




LD 


SRVS 


GET OLD STATUS 


133 


0E55 


07 




CRS 




STRTUS REG RESTORED 


134 


0E56 


C0RS 




LD 


SRVE 


; GET OLD E PEGI'sTER 


135 


0E58 


01 




XRE 




; E REG RE'-.TORED 


136 


0E59 


C:0R6 




LD 


SRVR 


.i GET OLD RCCUM 


137 


0E5E: 


05 




I EN 




ENRBLE INTERRUPTS 


138 


0E5C 


2F 




XPPC 


1: 


; RETURN Tfi INTERRUPTED 


139 












: PROGRRM 

••11 *. *,i If 1 


140 


0E5D 


90R1 




J MP 


INTRPT 




141 














142 














143 














144 














145 


0E5F 


C4S2 


XECUTE : 


LDI 


L« G4HEV -1-1 




146 


0E61 






XPRL 


•1 

■X. 




147 


0E62 


C40F 




LDI 


H«: G4HEX > 

II*. 'J r i 1 1_ it.' 




148 


0E64 


35 




XPf\H 






149 


0E65 


3D 




XPPC 




J GET 4 DIGIT HEX RDDR 


150 


0E66 


C20S 




LD 


LRDDR 2 ) 

^1 Ik* L* r^. *. c 


: GET Lfi A RDDR 


151 


0E68 


"•1 

— ■ -X. 










152 


0E69 


C207 




LD 


HRDDR 2 


; GET HI 8 RDDR 


153 


0E6E: 


35 




XPRH 


1 




154 


0E6C 


C4FF 




LDI 


L«' INTPPT 1-1 




-L 








riL_ 


T- 
_:• 












1 n T 

L.L-' 1 


n •*. i fi 1 r.r 1 .*• 




157 








VP'PiU 


_:* 


• C'P'-TriPP TWTFPPIIPT F*riTKITFC' 






rSFF 




L.L-' 


'J J- •*. -L .*• 


L.'tL.r.t.rltr4 1 r L. r K 1 UK lU rtlUM 


159 


0E74 


05 




I EN 




ENRBLE INTERRUPT 


160 


0E75 


3D 




XPPC 


1 


EXECUTE USERS PROGRRM 


161 














162 


0E76 


3F 


CMLOOP : 


XPPC 


3 


CRLL SCRN 


163 


0E77 


40 




LDE 




} GET CODE 


164 


0E7S 


E413 




XRI 


X'13 


MRSK TO TEST RBORT KEV 



Figure 2C2-13 (Continued) 



2C2-28 



165 


0E7R 


98C1 




JZ 


EXIT 




IF=1.. EXIT INTRPT 


166 


0E7C 


40 




LDE 








167 


0E7D 


E410 




XRI 


X'10 




MRSK TO TEST MODIFY OOMMRND 


168 


0E7F 


980C 




JZ 


MODIFY 






169 


0E81 


40 




LDE 








170 


0E82 


E411 




XRI 


X'll 




MRSK TO TEST XEOUTE OOMMRND 


171 


0E84 


98D9 




JZ 


XEOUTE 






172 


0ES6 


40 




LDE 








173 


0E87 


E412 




XRI 


X'12 




MRSK TO TEST RERD OOMMRND 


174 


0ES9 


986B 




JZ 


RERD 






175 


0E8B 


90B0 




JMP 


EXIT 




HEX ENTERED.. RBORT 


176 
















177 






; MODIFY OOMMRND 


ENTER OOMMRND KEY FOLLOWED BY R 4 DIGIT 


178 










HEX RDDRESS 


.. THEN 2 HEX DIGITS OF DRTR. 


179 










RFTER FIR 


ST 


ENTRY.. THE OPERRTOR ORN I NOR 


180 










RND LORD 


SUOOESIVE LOORTIONS BY PRESSING 


181 










MODIFY KE 


Y 


FOLLOWED BY TWO HEX DRTR ENTRIES 


182 
















183 
















184 


0ESD 


C206 


MOD IF 


V : LD 


STRTUS<2> 




GET STRTUS BIT 


185 


0ESF 


D401 




mi 


1 






186 


0E91 


9C2C 




JNZ 


UPDRTE 




.! IF 1.. THIS KMODE 


187 














PREVIOUSLY ENTERED 


188 


0E93 


0206 




LD 


STRTUS'::2> 






189 


0E95 


D402 




RNI 








190 


0E97 


9806 




JZ 


MODI 




IF 0.. MODIFY ENTERED 


191 














FOR FIRST TIME 


192 


0E99 


C401 




LDI 


1 






193 


0E9B 


CR06 




ST 


STRTUS<2> 






194 


0E9D 


900B 




JMP 


DRTR 




.;RERD WRS ENTERED 


195 


0E9F 


C40i 


MODI : 


LDI 


1 






196 


0ER1 


CR06 




ST 


STRTUS<2> 




; SET MODE STRTUS IF 


197 














; THIS IS 1ST ENTRY 


198 


0ER3 


i::4S2 




LDI 


L<G4HEX>-1 






199 


0ER5 


31 




XPRL 


1 






200 


0ER6 


C40F 




LDI 


H'::G4HEX> 






201 


0ERS 


35 




XPRH 


1 






202 


0ER9 


3D 




XPPO 


1 




GET 4 HEX OHRRROTERS 


203 


0ERR 


C48E 


DRTR : 


LDI 


L<:G2HEX>-1 






204 


0ERC 


31 




XPRL 


1 






205 


0ERD 


C40F 




LDI 


h<:g2HEX> 






206 


0ERF 


35 




XPRH 


1 






207 


0EB0 


3D 




XPPO 


1 






208 


0EB1 


C208 




LD 


LRDDR<2> 






209 


0EB3 


31 




XPRL 


1 






210 


0EB4 


0207 




LD 


HRDDR<2:> 






211 


0EB6 


35 




XPRH 


1 




UPDRTED RDDRESS RESTORED 


212 


0EB7 


0209 




LD 


DRTR1<2> 




.; GET PROKED DIGITS 


213 


0EB9 


0900 




ST 


< 1 > 




LOORTION MODIFIED 


214 


0EBB 


9050 




JMP 


G2DRT1 






215 
216 
















217 






THIS 


SEOTION OF OODE UPDRTE 




THE RDDRESS POINTER 


218 






RND 


THE DISPLRV TRBLE UPON 


SUOOESSIVE OOMMRND 


219 






J KEV 


ENTRIES 









Figure 2C2-13 (Continued) 



2C2-29 



220 














221 














222 


0EBD 


90B7 


LINK: 


JMP 


CMLOOP 




222 


0EBF 


02 


UPDRTE : 


CCL 






224 


0EC0 


C208 




LD 


LRDDR<2> 




225 


0EC2 


F401 




RDI 


1 


; INCREMENT LO RDDRESS 


226 


0EC4 


CR08 




ST 


LRDDR<2> 




227 


0EC6 


06 




CSR 






228 


0EC7 


D4&0 




RNI 


X''80 


;MRSK TO TEST CRRRV/LINK 


229 


0EC9 


9807 




J2 


PUTC 




230 


0ECB 


C207 




LD 


HRDDR<2> 




221 


0ECD 


02 




CCL 






222 


0ECE 


F401 




RDI 


1 


; INCREMENT HI RDDRESS 


222 


0ED0 


CR07 




ST 


HRDDR<2> 




224 


0ED2 


C208 


PUTC: 


LD 


LRDDR<2> 




225 


0ED4 


D40F 




RNI 


X^F 


;BLRNK UPPER 4 


226 


0ED6 


CR02 




ST 


TRBLE+2<2> 


;CHRNGE RDDR DISPLRV LSD 


227 


0ED8 


C208 




LD 


LRDDR<2> 




228 


0EDR 


IC 




SR 






229 


0EDB 


IC 




SR 






240 


0EDC 


IC 




SR 






241 


0EDD 


IC 




SR 






242 


0EDE 


CR02 




ST 


TRBLE-i-2<2) 


;CHRNGE RDDR DISPLRV 2ND LSD 


242 


0EE0 


C207 




LD 


HRDDR<2> 




244 


0EE2 


D40F 




RNI 


X^F 




245 


0EE4 


CR01 




ST 


TRBLE+1<2> 


;2RD LSD RDDR INTO 


246 












i DISPLRV TRBLE 


247 


0EE6 


C207 




LD 


HRDDR<2> 




248 


0EE8 


IC 




SR 






249 


0EE9 


IC 




SR 






250 


0EER 


IC 




SR 






251 


0EEB 


IC 




SR 






252 


0EEC 


CR00 




ST 


TRBLE<2> 


;MSD RDDR INTO 


252 












; DISPLRV TRBLE 


254 


0EEE 


C206 




LD 


STRTUS<2> 




255 


0EF0 


D402 




RNI 


2 




256 


0EF2 


98B6 




JZ 


DRTR 




257 


0EF4 


901D 




JMP 


Q2DRTR 


;GET 2 HEX DRTR & DISPLRV 


258 














259 














260 














261 














262 


0EF6 


C206 


RERD: 


LD 


STRTUS<2> 


;GET PROGRRM STRTUS WORD 


262 


0EF8 


D402 




RNI 


2 




264 


0EFR 


9CC2 




JNZ 


UPDRTE 


; IF 1. THIS KMODE 


265 












>PREVIOUSLV ENTERED 


266 


0EFC 


C206 




LD 


STRTUS<2> 




267 


0EFE 


D401 




RNI 


1 


;MRSK TO TEST MODIFV 


268 


0F00 


9806 




JZ 


RERDl 


; IF 0. RERD ENTERED FOR FIRST 


269 












; TIME 


270 


0F02 


C402 




LDI 


2 




271 


0F04 


CR06 




ST 


STRTUS<2> 




272 


0F06 


900B 




JMP 


Q2DRTR 


; MODIFV MRS ENTERED 


272 


0F08 


C402 


RERDl : 


LDI 


2 




274 


0F0R 


CR06 




ST 


STRTUS<2> 


;SET MODE STRTUS WORD 



Figure 2C2-13 (Continued) 



2C2-30 



275 


0F0C 


C482 


LDI 


L<G4HEX>-1 




276 


0F0E 


31 


XPRL 


1 




277 


0F0F 


C40F 


LDI 


H<G4HEX> 




278 


0F11 


35 


XPRH 


1 




279 


0F12 


3D 


XPPC 


1 ;GET 4 HEX DIGIT RDDRESS 


280 


0F13 


C208 


Q2DRTR • LD 


LRDDR<2) 




281 


0F15 


31 


XPRL 


1 




282 


0F16 


C207 


LD 


HRDDR<2> 




283 


0F18 


35 


XPRH 


1 


PTR 1 = RDDR TO BE RERD 


284 


0F19 


C100 


G2DRT1 : LD 


<1> 


.GET DRTR 


285 


0F18 


01 


XRE 




;SRVE DRTR IN E REG 


286 


0F1C 


40 


LDE 




J GET PRCKED DRTR 


287 


0F1D 


IC 


SR 






288 


0F1E 


IC 


SR 






289 


0F1F 


IC 


SR 






290 


0F20 


IC 


SR 




iMSD IN LO 4 


291 


0F21 


CR04 


ST 


TRBLE+4<2> 


5MSD DRTR INTO TRBLE 


292 


0F23 


40 


LDE 




GET DRTR 


293 


0F24 


D40F 


RNI 


X^F 


. BLRNK UPPER 4 


294 


0F26 


CR05 


ST 


TRBLE+5<2) 


J LSD DRTR INTO TRBLE 


295 


0F28 


9093 


JMP 


LINK 




296 












297 












298 












299 












308 












301 






;NEXT SECTION 


OF CODE IS THE KEVBORRD SCRN RND JUMP TO 


302 






;THE MULTIPLEXED DISPLRV ROUTINE 




303 












304 












305 


0F2R 


C455 


SCRN: LDI 


L<MUXDIS>-1 




306 


0F2C 


31 


XPRL 


1 




307 


0F2D 


CR0R 


ST 


LTEMP2<2> 




308 


0F2F 


C40F 


LDI 


H<MUXDIS> 




309 


0F31 


35 


XPRH 


1 




310 


0F32 


CR0B 


ST 


HTEMP2<2> 




311 


0F34 


06 


LOOK : CSR 






312 


0F35 


D410 


RNI 




?TEST SENSE R 


313 


0F37 


9C03 


JN2 


INPUT 


; IF 1. KEV IS PRESSED 


314 


0F39 


3D 


XPPC 


1 


J REFRESH THE DISPLRV 


315 


0F3R 


90F8 


JMP 


LOOK 




316 


0F3C 


C2FF 


INPUT: LD 


KVBD<2> 


pGET KEVCODE 


317 


0F3E 


D41F 


RNI 


X^IF 


? BLRNK UPPER 5 


318 


0F40 


CR0F 


ST 


ESRV<2> 


jsrve code 


319 


0F42 


06 


RELERS: CSR 






320 


0F43 


D410 


RNI 


X^10 




321 


0F45 


9803 


JZ 


RETURN ; IF 0. KEV RELERSED 


322 


0F47 


3D 


XPPC 


1 ; REFRESH THE DISPLRV 


323 


0F48 


90F8 


JMP 


RELERS 




324 


0F4R 


C20R 


RETURN: LD 


LTEMP2<2> 




325 


0F4C 


31 


XPRL 


1 




326 


0F4D 


C20B 


LD 


HTEMP2<2> 




327 


0F4F 


35 


XPRH 


1 ;PTR 1 RESTORED 


328 


0F50 


C20F 


LD 


ESRV<2> ;GET CODE 


329 


0F52 


01 


XRE 







Figuie 2C2-13 (Continued) 



2C2-31 



230 


0F53 


3F 


XPPC 


3 ; RETURN TO CRLLING ROUTINE 


221 


0F54 


90D4 


JMP 


SCRN 


332 










333 










334 






;THE NEXT SECTION OF CODE PERFORMS THE MULTIPLEX 


33S 






.i REFRESH OF THE 


DISPLRV. 


336 










337 










338 






;THE 6 DIGITS TO BE PISPLRVED RRE STORED IN 6 


339 






; CONSECUTIVE LOCRTIONS STRRTING RT X'DSO. 


340 










341 










342 


0F56 


C:400 


MUXDIS: LDI 


L<LEDS> 


343 


0F58 


31 


XPRL 


1 


344 


0F59 


CR0C 


ST 


SRV1<2> ;SRVE OLD PI LO 


345 


0F5B 


C40D 


LDI 


h<:leds> 


346 


0F5D 


35 


XPRH 


1 


347 


0F5E 


CR0D 


ST 


SRV2<2> .;SRVE OLD PI HI 


348 










349 






POINTER 1 NOW 


IS THE BRSE RDDRESS OF THE DISPLRV 


350 










351 










352 










353 


0F60 


11:420 


LDI 


X^20 


354 


0F62 


01 


LOOP : XRE 


.;E REG = DIGIT DRIVE 


355 


0F63 


C601 


LD 


@1<2> .;GET HEX DIGIT 


356 


0F65 


C980 


ST 


-l^SCl.J .1 DISPLRV THE DIbIT 


357 


0F67 


40 


LDE 


;GET DIGIT DRIVE 


358 


0F68 


IC 


SR 


.:CHRNGE DIGIT 


359 


0F69 


9C:F7 


JNZ 


LOOP 


360 


0F6B 


C900 


ST 


<1> jBLRNK DISPLRV 


361 


0F6D 


C480 


LDI 


L<RRM) 


362 


0F6F 


32 


XPRL 


2 ; RESTORE PTR 2 LO 


363 


0F70 


C20D 


LD 


SRV2<2> ;GET OLD PTR 1 HI 


364 


0F72 


35 


XPRH 


1 


365 


0F73 


C20C 


LD 


SRV1<2> ;GET OLD PTR 1 LO 


366 


0F75 


31 


XPRL 


1 


367 


0F76 


3D 


XPPC 


1 ; RETURN TO CRLLING PROG 


368 


0F77 


90DD 


JMP 


MUXDIS 


369 










370 










371 










372 










373 






;THE G4HEX ROUTINE GETS 4 HEX DIGITS RND STORES THEM 


374 






; IN THE DISPLRV 


TRBLE. IF R COMMRND KEV IS ENTERED 


375 






i DURING THIS SEQUENCE. THE INTERRUPT SERVICE IS EXITED 


376 






; DISPLRV TRBLE 


IS RT X^DSe THRU X-'DBS 


377 










378 










379 


0F79 


C480 


ERROR: LDI 


L<RRM> 


380 


0F7B 


32 


XPRL 


2 


381 


0F7C 


C43C 


LDI 


L<EXIT>-1 


382 


0F7E 


31 


XPRL 


1 


383 


0F7F 


C40E 


LDI 


H<EXIT) 


384 


0F81 


35 


XPRH 


1 



Figure 2C2-13 (Continued) 



2C2-32 



285 


0F82 


2D 


XPPC 


1 


;EXIT INTERUPT 


286 


0F82 


21 


G4HEX : XPRL 


1 




287 


0F84 


CR12 


ST 


SRVL1<:2> 




288 


0F86 


25 


XPRH 


1 




289 


0F87 


CR14 


ST 


SRVL2<2> 




290 


0F89 


2F 


XPPC 


2 


; CRLL SCRN 


291 


0F8R 


C404 


LDI 


4 




292 


0F8C 


21 


XPRL 


1 




292 


0F8D 


9014 


IMP 


FIRST 




294 


0F8F 


21 


G2HEX : XPRL 


1 


; SRVE PI LO 


295 


0F90 


CR12 


ST 


SRVL1<2> 


; SRVE PI LO 


296 


0F92 


25 


XPRH 


1 




297 


0F92 


CR14 


ST 


SRVL2<2> 




298 


0F95 


2F 


XPPC 


2 


;CRLL SCRN.. RETURN WITH CODE 


299 










; IN E REG. 


400 


0F96 


C402 


LDI 


2 




401 


0F98 


21 


XPRL 


1 




402 


0F99 


C604 


LD 


@4<2> 


;MODIFV P2 FOR INDEXING 


402 


0F9B 


9006 


JMP 


FIRST 




404 


0F9D 


C212 


LOOPl : LD 


CNT<2> 




405 


0F9F 


21 


XPRL 


1 




406 


0FR0 


C20E 


LD 


INDX<2> 


.;GET PREVIOUS INDEX VRLUE 


407 


0FR2 


22 


XPRL 


2 


.; SET UP P2 


408 












409 












410 






;PTR 2 IS RUTO 


INDEXED THRU THE 


DISPLRV TRBLE. 


411 






; THE 1ST FOUR LOCRTIONS CONTRIN 


THE HEX RDDRESS 


412 






TO BE DISPLRVED. 




412 












414 












415 


0Ffi2 


40 


FIRST: LDE. 




; GET CODE 


416 


0FR4 


D410 


RNI 


X^10 


.J MRSK TO TEST COMMRND 


417 


0FR6 


9C:D1 


JNZ 


ERROR 


.: IF 1. RBORT INTRPT 


418 


0FR8 


40 


LDE 






419 


0FR9 


D40F 


RNI 


X'F 




420 


0FRB 


CE01 


ST 


C-l<2> 




421 


0FRD 


21 


XPRL 


1 


; GET LOOP COUNT 


422 


0FRE 


02 


CCL 






422 


0FRF 


F4FF 


RDI 


-1 


; DECR LOOP COUNT 


424 


0FB1 


9S0C 


JZ 


DONE 




425 


0FB2 


21 


XPRL 


1 


} REPLRCE LOOP COUNT 


426 


0FB4 


C480 


LDI 


L<RRM> 




427 


0FB6 


22 


XPRL 


2 


RESTORE P2 


428 


0FB7 


CR0E 


ST 


INDX<2> 


; SRVE INDEX VRLUE 


429 


0FB9 


21 


XPRL 


1 




420 


0FBR 


CR12 


ST 


CNT<2> 




421 


0FBC 


2F 


XPPC 


2 


.iCRLL SCRN 


422 


0FBD 


90DE 


JMP 


LOOPl 




422 












424 












425 






; THE SECTION OF 


CODE BEGINNING NITH 'DONE'. TRKES 


426 






iRDDRESS RND DRTR FROM THE DISPLRV TRBLE LOCRTIONS 


427 






; RND PRCKS INTO 


LOCRTIONS LRDDR. 


HRDDR. RND DRTRl. 



428 
429 



Figure 2C2-13 (Continued) 



2C2-33 



440 
441 



442 


0FBF 


C480 


DONE: 


LDI 


L<RRM> 




442 


0FC1 


22 




XPRL 


2 


; RESTORE P2 


444 


0FC2 


C402 




LDI 


2 




445 


0FC4 


21 




XPRL 


1 


;P1 IS LOOP CNTR 


446 


0FC5 


C487 




LDI 


X^87 


;NEW BRSE FOR P2 


447 


0FC7 


22 




XPRL 


2 


;MODIFV P2 FOR INDEXING 


448 


0FC8 


CR10 




ST 


L02<2> 


;SRVE P2 LO 


449 


0FCfi 


C40D 




LDI 


H<RRM> 




450 


0FCC 


27 




XPRH 


2 




451 


0FCD 


CRll 




ST 


HI2<2> 




452 


0FCF 


C601 


PRCK: 


LD 


@1<2> 


;QET CODE FROM TRBLE 


452 


0FD1 


IE 




RR 






454 


0FD2 


IE 




RR 






455 


0FD2 


IE 




RR 






456 


0FD4 


IE 




RR 




; SHIFTED LEFT 4 


457 


0FD5 


01 




XRE 






458 


0FD6 


C601 




LD 


@1<2> 




459 


0FD8 


58 




ORE 






460 


0FD9 


CF01 




ST 


ei<2) 


; HRDDR/LRDDR/DRTRl 


461 


0FDB 


21 




XPRL 


1 


;GET LOOP COUNT 


462 


0FDC 


02 




CCL 






462 


0FDD 


F4FF 




RDI 


-1 


; DECR 


464 


0FDF 


9802 




JZ 


OUT 




465 


0FE1 


21 




XPRL 


1 


; RESTORE COUNT 


466 


0FE2 


90EB 




JMP 


PRCK 




467 


0FE4 


C480 


OUT: 


LDI 


l<:rrm> 




468 


0FE6 


22 




XPRL 


2 


; RESTORE P2 


469 


0FE7 


C210 




LD 


L02<2> 




470 


0FE9 


22 




XPRL 


2 




471 


0FER 


C211 




LD 


HI2<2> 




472 


0FEC 


27 




XPRH 


2 


; RESTORE P2 


472 


0FED 


C212 




LD 


SRVL1<2> 




474 


0FEF 


21 




XPRL 


1 


; RESTORE PI 


475 


0FF0 


C214 




LD 


SRVL2<2> 




476 
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25 




XPRH 


1 




477 
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2D 




XPPC 


1 


; RETURN TO CRLLING COMMRND 


478 
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0E76 


CNT 
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HRDDR 


0007 
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INPUT 
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INTRPT 


0E00 


KVBD 


FFFF 


LRDDR 


0008 
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0D00 


LINK 


0E6D 
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0010 


LOOK 


0F24 


LOOP 


0F62 


LOOPl 


0F9D 


LTEMP2 


000R 


MODI 


0E9F 


MODIFY 


0E8D 


MUXDIS 


0F56 


OUT 


0FE4 


PRCK 


0FCF 


PUTC 


0ED2 


RRM 


0D80 


RERD 


0EF6 


RERDl 


0F08 


RELERS 


0F42 


RETURN 


0F4R 


SRVl 


000C 


SRVIHI 


0DFD 


SRVILO 


0DFE 



Figure 2C2-13 (Continued) 



202-34 




SRV2 000D SRV2HI 0DFB SRV2L0 0DFC 

SfiV3HI 0DF9 SRV2L0 0DFR SRVR 0E00 

SRVE 0DFF SRVLl 0012 SRVL2 0014 

SRVS 0DF8 SCRN 0F2R STRTUS 0006 

TRBLE 0000 UPDRTE 0EBF XECUTE 0E5F 



NO ERROR LINES 
SOURCE CHECKSUM=1050 
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Figure 2C2-13 (Concluded) 
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WRITE STROBE 
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READ STROBE 
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Figure 2C2-14. Interrupt Driven Keyboard/Display System-Schematic Diagram 



INTERFACING SC/MP WITH A BURROUGHS 
SELF-SCAN DISPLAY 

General Description 

The SC/MP-and-display interface shown in figure 2C2-15 
provides an easy and relatively inexpensive method of gen- 
erating 64 alphanumeric characters - any 32 of which are 
simultaneously shown on a single-row display panel. This 
SC/MP-based system can be used efficiently for any close- 
view (up to 10 feet) moving-message or static display. 



System Operation 

As shown in figure 2C2-15, data are input from SC/MP via a 
low-power TRI-STATE buffer (DM81LS95) and these data 
are latched by the DM74199. Under software supervision, 
flag 0 is used to generate the "write" pulse and Sense B is 
used to indicate "status" — the status specifying when a 
new character can be input to the display. Each of the 64 
characters is defined by a 6-bit binary-to-hexadecimal code; 
the characters and their equivalent hexadecimal codes are 
shown in table 2C2-1. 



Table 2C2-1. Alphanumeric Characters and Corresponding Hex-Input Codes 



HEX 
INPUT 


CHARACTER 


HEX 
INPUT 


CHARACTER 


HEX 
INPUT 


CHARACTER 


HEX 
INPUT 


CHARACTER 


00 


@ 


10 


P 


20 


(BLANK) 


30 


0 


01 


A 


11 


Q 


21 


I 


31 


1 


02 


B 


12 


R 


22 




32 


2 


03 


C 


13 


S 


23 


# 


33 


3 


04 


D 


14 


T 


24 


$ 


34 


4 


05 


E 


15 


U 


25 


■/. 


35 


5 


06 


F 


16 


V 


26 


& 


36 


6 


07 


G 


17 


w 


27 


/ 


37 


7 


08 


H 


18 


X 


28 


< 


38 


8 


09 


1 


19 


Y 


29 


> 


39 


9 


A 


J 


1A 


z 


2A 


* 


3A 




B 


K 


IB 


[ 


2B 


+ 


3B 




C 


L 


1C 




2C 




3C 


< 


D 


M 


ID 


1 


2D 




3D 




E 


N 


IE 




2E 




3E 


> 


F 


0 


IF 


1 


2F 




3F 


? 



Software Considerations 

Memory interfaces for the SC/MP-display system are shown 
in figure 2C2-15. The control program is stored in ROM - 
X'OOO through X'OIFF; RAM utilizes locations X'OFOO 
through X'OFFF with a display address of X'OSOO. There 
are no special timing restraints required to communicate 
with the self-scan display. 

Each character of the message is brought in from the buffer; 
then, the program checks to see if the character is valid, and 



if it is valid, the software converts the 7-bit ASCII input 
code to a 6-bit ASCII output code. After this conversion is 
made, the clear bit and display -blanking bit are set to the 
proper condition and are ORed with the character. The 
character word now is written into the DM74199 latch. 
Subsequently, the Data Present line is pulsed and the Write 
Flag is tested to see if the display is ready to accept new 
data. Figures 2C2-16 and 2C2-17, respectively, show the 
flowchart and the program listing for the Control and 
Message-Moving Program that is used to print a message 
that is greater than 32 words long. 
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+5V 



BUHROUGHS SLL F SCAN DISPLAY (SSOO 1 32 0040( 
8. CHARACTtH SC T (NOTE 2) 



-E 



8.1K < 
-7V— J 




NRST 


FLAG 0 


SOUT 


SENSE B 


SIN 




NWDS 


BREQ 




XI 


SENSE A 


ENOUT 


^GG 




X2 


FLAG 




NRDS 


AD 00 


s 


NHOLD 


AD 01 




ENIN 


AD 02 




CONT 


AD 03 




NADS 


AD 04 


p 


Vss 


AD 05 




DBOO 


AD 06 




DB 01 


AD 07 




DB 02 


AD 08 




DB 03 


AD 09 




DB 04 


AD 10 




DB 05 


AD 11 




DB 06 


FLAG 2 




DB 07 



AD 11 
AD 10 







40'JG BII ROM 
(MM5204I 


' AD 00 






PS 


■ AD 01 


^ 


Al 


cs 


« AD 02 




A2 


Bo 


> AD 03 


-HI 


A3 


Bl 


^ AD 04 


-Ml 


A4 


B2 


* ADOS 


— ^-jio 


A5 


B3 


" AD 06 




A6 


B4 


» AD 07 




A7 


B5 


» AD 08 




As 


Be 


+5V — < 




Vbb 


B7 






PROGRAM 






— HI 








^1 J 

7890 if)-!:;] 

JKUmOPOR 

::.). = ;?/% : 

123456 

&<) 



Figure 2C2-15. SC/MP Interfaced with Burroughs Self-Scan Display 







SET P3 TO RAM ADDRESS 



INITIALIZE MESSAGE ADDRESS 
HST AND LST 






SET PI TO DISP 


LAY ADDRESS 



CLEAR DISPLAY AND SET 
COUNT TO 32 



PUT LST 1 

LT 


t P2L AND 
MP 






PUT HST TO HTMP 



^ PR^NT 



PUTA IN1»2H 



T 

^ PRINT ^ 







LOAD A FROM P2 
P2"^P2+1 




NEW ^ 



SET COUNT TO 32 
DELAY 







MORE ^ 



LOAD FROM P2 




LTMP LTMP + 1 




HTMP HTMP+1 



^ PRNT ^ 



PUT HTMP IN P2H AND 
LTMP IN P2L 



^ MORE ^ 



CEED 



PUTA 


INP2L 






LOAD HTMP 



^ PRNT ^ 



I 



LOAD A FROM E 



CLEAR L AND 
ADD OEO TO A 



^ PRINT ^ 




CLEAR LAND 
ADD OCO TO A 



( ) 




LOAD A FROM E 
MASK OFF 2 HI BITS 



OR IN 080 






SEND TO DISPLAY 






GET STATUS 






OR IN FLAG 0 
SET STATUS 






AND OUT FLAGO 
SET STATUS 







C "AIT ) 



\^ WAIT J 



^ PRINT ^ 



I 

SEND 
I WRITE PULSE 



GET STATUS MASK 
OUT ALL BUT SENSE B 




COUNT -^COUNT -1 
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Figure 2C2-16. Flowchart for Control and Moving-Message Program 
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1- 
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4 
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0 
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EDI 
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EDI 

ST 

EDI 

ST 

ED I 
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:-::pme 

EDI 
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7 
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2 

H •:: MMSG > 
HST •:; 7 > 
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1. 
E. 
::l.. 



rdr:; 



PUT RRM RDDRESS IN P3. . 



SET STRRT I NG RDDRESS IF MESSR 
.> SRVE IN RRM. 



PUT RDDRESS OF DISPLRV IN Pi. 



CLERR DISPLRV. 



Figure 2C2-17. Program Listing for Control and Moving-Message Program 
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mi;' .l 

.1 ! -• 

LC'E 
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F'RN T 
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OFF 
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LTMP C 
ON 

NT MP C 
PRINT 



in T.1.F 

PR .[ NT 



OCO 
PRINT 

OlA- 
m:-;;M 

1. 

O!-- E 



SET LINE COUNT. 

PUT RDDRESS IN TEMP. 
SET P2 TO RDDRESS. 

HIGH RDDRESS IN P2. 

GET NEXT NORD. 
CHECK IF DONE. 
RESTORE POINTER. 



SRVE IN P2 LOW. 
RESTORE HIGH. 



SRVE LINE COUNT. 
DO R SHORT DELRV. 

CHECK IF DONE. 

BUMP RRM POINTER. 

NEXT RDDRESS. 
BUMP HIGH. 



SRVE CHRR. 
GET CHRR. 
CLERR LINK. 

CHECK IF LESS THRN 020. 
NO > OIF. 

LESS THRN OIF RETURN. 

CLERR LINK. 

CHECK IF > 05F. 

VES RETURN. 

CHRR IS VRLID. 

STRIP OFF HIGH BITS. 

SET CLERR RND DISPLRV BITi 

SEND WORD. 

SET WRITE CVCLE FLRG 0. 
NOW SET FLRG O. 
NOW RESET FLRG. 
DO IT. 



Figure 2C2-17 (Continued) 
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CSH 
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JflP 
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DOWRIT 
CUUNT 
r^EW 
PRINT 



GET STRTUS. 
CHECK IF SENSE B I 
WRIT IF SET. 
BUI'lP COUNTER. 



S SET. 



RDF: 8888 

GTIF 8856 

LST 8881 

MORE 8848 

PRINT 8827 

S 881D 



COUNT 8884 

HST 8888 

LTi'jP 8887 

rJEW 8828 

PRNT 8826 

SELF 884D 



DOWN IT 0869 

HTMP 0002 

j'IMSG 0F20 

ON 0037 

RRM 0F00 

STRRT 0000 + 



NO ERROR LINES 

S 0 1..J R C F r hi E C K S U i • I -^^ 3 3 r\ o 
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Figure 2C2-17 (Concluded) 
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MULTIPROCESSOR SYSTEM 

General Description 

Figure 2C3-1 shows how two microprocessors -SC/MP #1 
and SC/MP #2 — can be interconnected to perform differ- 
ent tasks on a time- and memory-share basis. SC/MP #1 is 
the basic SC/MP kit (1SP-8K/200) with a TTY input/output 
interface, whereas SC/MP #2 is used to drive a Burroughs 
self-scan display - see figure 2C2-15. The control program 
for each microprocessor is stored in a separate ROM; the 
256 bytes of RAM are shared. The basic functions of SC/MP 
#1 are defined in the SC/MP Kit Users Manual; however, 
with more RAM and with the latching and buffering tech- 
niques shown in figure 1-8, the kit capabilities can be 
expanded to provide a complete keyboard/display system. 

System Operation 

When power is applied to the multiprocessor system, NRST 
of SC/MP #2 is driven high via the RC network and the 
processor initializes at address X'OOOl; for the time being, 
SC/MP #1 is held off by the low input from flag 1 of 
SC/MP #2. Each processor uses the Sense A input for 
program direction; that is, if Sense A is low for SC/MP #2, 
it branches to the Burroughs self-scan routine. After this 



decision is implemented by setting P3 to the proper ad- 
dress, the SC/MP #2 software sets flag 1 high (NRST #1 
now is driven high); this causes SC/MP #1 to initialize at 
address X'OOOl. Since the Sense A input of SC/MP #1 is 
tied high, it branches to the KITBUG Routine. 

With both processors initialized and directed to their 
respective programs, bus requests are made and ENIN is 
tested for bus access. If ENIN is low, the processor request- 
ing access must wait until its ENIN Unes goes high. If the 
ENIN line is high and no bus request is issued, the "bus 
available" signal is passed to the next processor - in this 
case, SC/MP #2 - via the ENOUT line. (Refer to figure Mf 
for functional detail of bus-access control.) 

Software Considerations 

Figure 2C3-2 shows the system flowchart and the program 
listing for KITBUG; a detailed flowchart for KITBUG is 
shown in the SC/MP Kit Users Manual. The program listing 
for the self-scan routine is shown in figure 2C3-3; except 
for address assignments, this listing is similar to that shown 
in figure 2C2-17. The flowchart for the multiprocessor "self- 
scan" program is functionally equivalent to that shown in 
figure 2C2-16. There are no timing constraints; the system 
is self-clocking and self-synchronizing. 
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Figure 2C3-1 . Using SC/MP in a Multiprocessing System 
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29 
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22 0000 

22 

24 0001 

25 0002 

26 0004 

27 0006 

28 0007 

29 0009 

40 000R 

41 

42 



TITLE KITBUG. " MULT I PROCESSOS 2 17 76 " 



0001 
0002 
0002 

FFFF 



0FFF 

0000 

0FFE 
FFFF 
0FFD 
FFFE 
0FFB 
FFFC 
0FF9 
FFFR 
0FF7 
FFF8 

0FF6 



0000 

08 
06 

D410 

9C22 
22 

C404 

27 
2F 



42 
44 
45 
46 
47 
48 
49 

50 000B C0F2 

51 000D 01 



PI 
P2 
P2 



1 

2 
2 



EXOFF = -1 
; FIXED STRCK RSSIQNMENTS 
. =0FFF 



STRCK : 
SR 

EX 

RC 

PT2 

PTl 

PC 

P2RDR 



STRRT : 



. = -1 
. = -1 

. =. -2 



-STRCK 
-STRCK 
-STRCK 
-STRCK 
-STRCK 
-STRCK 
-1 



MULTIPROCESSOR FLOWCHART 



( 



START 







INITIALIZE AND 
READ STATUS 




ENTER KITBUG 
PROGRAM 









SET POINTER 
^3 TO X'0400 








EXCHANGE PRO- 
GRAM CTR WITH 
POINTER #3 








SET FLAG 1 HI 
TO INTIALIZE 
SC/MP #1 








ENTER PGM FOR 
BURROUGHS SELF- 
SCAN DISPLAY 



. =0 

NOP 

CSR 

RNI 

JNZ 

XPRL 

LDI 

XPRH 

XPPC 



PRGE 
LOCRL 



010 

ENTER 
P2 

004 

P2 
P2 



;RERD STRTUS 

CHECK FOR SENSE R. 
; SET/RESET DISPLRV/KITBUG. 
; ZERO P2 LOW. 
.:SET RDDRESS OF R0M2. 

;G0 TO DISPLRV. 



''DEBUG ENTRY RND EXIT" 



; ON R SOFTWRRE HRLT.. HRRDWRRE USES THE FOLLOWING WORDS 
; TO SRVE THE ENVIROMENT. 

; DEBUG EXIT - RESTORE ENVIROMENT RND GO. 

EXIT: LD STRQK-^-EX ) RESTORE E REG 

XRE 



Figure 2C3— 2. Flowchart for Multiprocessor System and Program Listing for KITBUG 
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52 000E 
52 0010 

54 0011 

55 0012 

56 0014 

57 0016 

58 0017 

59 0019 

60 001R 

61 001C 

62 001D 
62 001F 

64 0020 

65 0022 

66 0024 

67 0025 

68 0027 
69 

70 
71 

72 0028 
72 002fl 

74 002B 

75 002D 

76 002E 

77 0020 

78 0021 

79 0022 

80 0024 

81 0026 

82 0027 
82 0029 

84 002R 

85 002C 

86 002D 

87 002F 

88 0040 
89 



C0Efl 
25 

C0E8 
21 

C0E6 
26 

C0E4 

22 

C0DC 
27 

C0DR 

22 

C7FF 
C0DC 
07 

C0D7 
2F 



C8D4 
06 

C8D2 
01 

C8CF 
26 

C8C9 
22 

C8C7 
25 

C8C1 
21 

C8BF 

27 

C8B9 

22 

C8B7 



90 
91 
92 
92 
94 
95 
96 

97 0042 C4F6 

98 0044 22 

99 0045 C40F 

100 0047 26 

101 0048 C401 

102 004R 27 
102 004B C4C2 



LD STRCK+PTl 

XPRH PI 

LD STRCK-^PTl+l 

XPRL PI 

LD STRCK4.PT2 

XPRH P2 

LD STRCK4.PT2+1 

XPRL P2 

LD STRCK+PC 

XPRH P2 

LD STRCK+PC+1 

XPRL P2 

LD 0EXOFF<P2> 

LD STRCK+SR 

CRS 

LD STRCK+RC 

XPPC P2 



; DEBUG ENTRV POINT 



ENTER : 



ST 

CSR 

ST 

XRE 

ST 

XPRH 
ST 

XPRL 
ST 

XPRH 
ST 

XPRL 
ST 

XPRH 
ST 

XPRL 
ST 

. PRGE 
. LOCRL 



RESTORE PI 



RESTORE P2 



; PUT DESIRED PC IN P2 



RDD EXIT OFFSET TO PC 
; RESTORE SR 



STRCK>RC 

STRCK+SR 

STRCK+EX 
P2 

STRCK+PT2 
P2 

STRCK+PT2+1 
PI 

STRCK+PTl 
PI 

STRCK+PTl+1 
P2 

STRCK+PC 
P2 

STRCK+PC-fl 



MR IN COMMRND LOOP^ 



; SRVE EXTENSION REGISTER 
; POINTER 



STRCK 



; THIS CODE INITIRLIZES POINTER REGISTERS RND 
; PROMPTS FOR RND GETS THE NEXT COMMRND. 

; ON EXIT. E HOLDS THE COMMRND CHRRRCTER 



CMDLP: LDI 
XPRL 
LDI 
XPRH 
LDI 
XPRH 
LDI 



L<P2RDR) 
P2 

H<P2RDR> 
P2 

H<PUTC> 
P2 

L<PUTC>-1 



; PRINT CR-LF 



Figure 2C3-2 (Continued) 









?sr ML. 


n-5 










1 rs T 
















DD T KIT r^C» 








1 rfc T 


AO 








j>r 


?srr L. 


D"? 

r ^ 




109 


0054 


C42D 


LDI 










Sr 


?Nr r U 






111 


0057 


C484 


LDI 


L<GECO>-i 


;P3 HIGH OK. 


112 


0059 


22 


XPflL 


P3 


; GET COMMAND 


113 


005R 


2F 


XPPC 


P3 




114 






. PAGE 







115 








. LOORL 




116 












117 






; RESTORE MROHINE STRTE 


118 






TO SPEOIFIED 


RDDRESS. 


119 












120 






; G RDDRESS 




121 












122 


0058 


40 


GO: 


LDE 




122 


005C: 


E447 




XRI 


^G^ 


124 


005E 


9C07 




JNZ 


♦SKIP 


125 


0060 


2F 




XPPO 


P2 


126 


0061 


E40D 




XRI 


0D 


127 


0062 


98R6 




JZ 


EXIT 


128 


0065 


9064 




JMP 


ERROR 


129 






»SK I P : 






120 








. PRGE 


^TVPE^ 


121 








. LOORL 




122 












122 






; TVPE 


OR MODIFV MEMORV 


124 












125 


0067 


40 


TVPE: 


LDE 




126 


0068 


E454 




XRI 




127 


006R 


9809 




JZ 


t2 


128 


006C 


^A 


MOD: 


LDE 




129 


006D 


E44D 




XRI 




140 


006F 


9C5R 




JNZ 


♦SKIP 


141 


0071 


0400 




LDI 


0 


142 


0072 


9002 




JMP 


♦1 


142 


0075 


C401 




LDI 


1 


144 


0077 


CEFF 


♦1: 


ST 


ei-i<P2> 


145 


0079 
007B 
007D 
007F 


0400 
2704 
DE22 
2F 




JS 


P2. GHEX 


146 


0080 


E40D 




XRI 


0D 


147 


0082 


9047 




JNZ 


ERROR 


148 


0084 


0601 




LD 


(?1<P2) 


149 


0086 


25 




XPRH 


PI 


150 


0087 


0601 




LD 


(?1<P2> 


151 


0089 


21 




XPRL 


PI 


^152 008R 


0401 


<?4: 


LDI 


H<PUTO> 



; ORLL GEOO 



OHEOK FOR TVPE OOMMRND. IF 
NOT -^T^. SKIP COMMRND. 



SRVE FLRG FOR TVPE OR MODIFV 
GET RDDRESS 



OHEOK TERMINRTOR 

PUT STRRTING RDDRESS IN STRO 



PRINT OR-LF 



Figure 2C3-2 (Continued) 



2C3-5 





008C 


37 




MFRH 






154 


0WSD 


L.4CJ^ 




1 r*. T 


L<.rUTC.>— 1 






00or 


— >-> 

33 




aPHL 


r S 




156 


0090 


C40D 




LDI 


0D 




A 

157 


fTm fr. 

009^ 


3F 




XPPC 


r-, — > 
P-i 


PR I NT LR 


158 


0093 


C40R 




LDI 


0R 




159 


0095 


3F 




XPPC 


P3 


PRINT LF 


160 


0096 


35 




XPRH 


PI 


> PRINT HIGH BVTE 


A ^A 

161 


AA 

0097 


i^A 

01 




XRE 




RERP HND RESTORE BVTE FKUn 




0098 


40 




LDE 






163 


0099 


35 




XPRH 


PI 




A y A 

164 












.J F-^ HIGH UK. 


165 


009R 


C442 




LDI 


L<PHEX<i:>-l 




A y y 

166 


009C 


33 




XPRL 


P3 




167 


009D 


40 




LDE 






168 


009E 


3F 




XPPC 


P3 


.; ChLL PHEX2 


169 


009F 


31 




XPRL 


PI 


r*i TUT 1 1 1 r"i 1 1 T r~ 

J PRINT LOW BVTE 


170 


00R0 


01 




XRE 






171 


00R1 


40 




LDE 






172 


00R2 


31 




XPRL 


PI 




173 


00R3 


40 




LDE 






174 


00R4 


3F 




XPPC 


P3 


.J CRLL PHEXl 


175 


00R5 


C501 




LC) 


(?1<P1> 




176 


00R7 


3F 




XPPC 


P3 


; PRINT 2--DIGIT HEX FOLLOWED 


177 












; BLRNK < PHEXl > 


178 


00R8 


C20O 




LD 


<P2> 


; CHECK TVPE OR MODIFV FLRG 


179 


00RR 


9CDE 




JNZ 


♦4 




180 












i P3 HIGIH IS STILL OK. 


181 


00RC 


C484 




LDI 


L<GEC0>-1 




182 


00RE 


33 




XPRL 


P3 




183 


00RF 


3F 




XPPC 


P3 


;G0 TO GECO. 


184 


00B0 


E40D 




XRI 


0D 




185 


00B2 


98D6 




JZ 


S4 




186 


00B4 


E415 




XRI 


015 


; 0D XOR 018 <CRN> 


187 


0066 


988R 


LOOPl : 


JZ 


CMDLP 




188 


00B8 
00BR 
00BC 
0OBE 


C400 
37C4 
DR33 
3F 




JS 


P3^ GHEX2 




189 


00BF 


E40D 




XRI 


0D 




A 

190 


00C1 


9C08 




JNZ 


ERROR 












1 r\ 
L.U 


tflkP2^ 












1 n 


01<P2> 








•-•i^r r 




b 1 


-1<P1> 




194 


00U9 


90BF 




•JMP 


$4 




195 






♦SKIP : 








x96 






















. PAGE 


"ERROR PROCESSING'' 


197 








. LOCPIL 






198 














199 






; PRINT 


CRRRRIGE RETURN , LINE FEED RND LOOP 


280 






i TO THE TOP OF 


THE COMMRND 


LOOP. 


201 














282 


00CB 


C401 


ERROR : 


LDI 


H<PUTC> 


.J PRINT LINE FEED 



Figure 2C3-2 (Continued) 



203 


88CD 


37 


284 


88CE 


C4C3 


285 


88D8 


33 


286 


88D1 


C48R 


287 


88D3 


3F 


288 


88D4 


C43F 


289 


88D6 


3F 


218 


88D7 


C488 


211 


88D9 


98DB 


212 






213 






214 






215 






216 






217 






218 






219 






228 






221 






222 


88DB 


C4ei 


1^:23 


88DD 


9802 


£^24 


88DF 


C488 




08E1 


CRFB 


2«^6 


88E3 


C484 


^tL7 




33 






CEFD 




00E& 


C401 


238 


8eER 




2js.1 


00Ed 


LEFF 




00tD 


C2FF 


2-Sj$ 


00EF 


9C01 


224 


00r 1 


3F 




00r 2 


C400 


236 


00r 4 


Ln03 


237 


00Ft> 


CR02 


22s8 


00F8 


40 


239 


80F9 


03 


248 


80FR 


FC3R 


241 


e8FC 


940F 


242 


88FE 


03 


243 


88FF 


FCF6 


244 


f^A 
0101 


9419 


245 






246 


0183 


C601 


247 


8105 


37 


248 


8106 


C601 


249 


818S 


33 


258 


8189 


40 


251 


818R 


3F 


252 


ei8B 


90D2 


253 


818D 


03 


254 


010E 


FC0D 


255 


0110 


94F1 



XPRH 


P3 


LDI 


L<PUTC>-1 


XPRL 


P3 


LDI 


8R 


XPPC 


P3 


LDI 




XPPC 


P3 


LDI 


8 


JMP 


LOOPl 



PRGE 
LOCRL 



''HEX NUMBER INPUT' 



GHEX GETS R 16-BIT VRLUE RND PUSHES IT TO THE STRCK. 
GHEX2 RSSUMES THE FIRST CHRP IS IN THE E REGISTER. 
ONLV THE LRST 4 INPUT DIGITS RRE SRVED. 

RETURNS VRLUE IN TOP 2 WORDS OF STRCK RND TERMINRTOR 
IN THE RC RND EX REGISTERS. 



GHEX2 : 

GHEX : 
^6: 



*1: 



*LOOP 



JfRET: 



%'2 



LDI 


1 




JMP 


$6 




LDI 


8 




ST 


-5<P2) 




LDI 




J. 




P'5' 

I -2* 




— ^ 1 


t* Pi? "1 






Wf* r^PT'Tl ^ 

n \ uc 1.^1.1 .•' 




Mri 


r :^ 




ST 


|?-1<P2> 




LD 


-1<P2> 




JNZ 


$^1 




XPPC 


P3 




LDI 


0 




ST 


3<P2::' 




ST 


2<P2> 




LDE 






SCL 






CRI 


* 9' +1 




JP 


%Z 




SCL 






CRI 


-'8-' - 9' 


-1 


JP 


*3 




LD 


C-1'::P2> 




XPRH 


P3 




LD 


C-1<P2> 




XPRL 


P3 




LDE 






XPPC 


P3 




JMP 


GHEX 




SCL 






CRI 


•'F'+l-' 


9^ 


JP 


^RET 





RESET GHEX2 FLRG 

SRVE RETURN RDDRESS RND SET 
TO GECO 

STORE RETURN RDDRESS TO LERV 
FOR RESULT 



INITIRLIZE RESULT TO 8 



CHECK FOR 0-9 

NOT 0-9.. TOO LRRGE 

CHECK FOR 0-9 

IF POSITIVE,. NUMBER IS 

IN RRNGE RND CONVERTED. 
NUMBER IS NOT R HEX DIGIT.. 

RETURN 



CHECK FOR DIGITS R-F. 
NUMBER TOO LRRGE 



Figure 2C3-2 (Continued) 



2C3-7 



256 


0112 


A"V 

03 




SLL 












crr*cro 
r n 






M r X 














TP 










oXXr 








^Kt 1 








I^XX^7 


fllO 














I^XXn 


r "^1311 






X^ 


> 


OrS Tl ICT n T i"5 T T K}Ci\ IIP PnC* ACi 


262 


011C 


CflFF 


%s : 


ST 


-1 < P2 > 


-* 


bnVE RD JUSTED DIGIT 


263 


i%A A rr 
011E 


A^ 

C404 




LDI 


4 




bti UP BIT LUUNTEK rUK 




t^A OA 

0120 


Cnr t 




bT 


O ✓ CiO N 


•* 


bn 1 r I . 




CkW OO 












CLiTPT UCV rSTfiTT 1 CPT fiKIC 


Off 

266 


O*^ 

0123 


C203 




LD 


3<P2? 


j 


Diull^ UNc. oil t.nL.n 


26 r 


o^ 
012O 


r203 




or\rs 


^ ✓ OO s 


} 


Tint THRUUun LUUP. 


Of o 

26o 


a4 o"^ 
012 r 


Un03 




b 1 


/ DO s 






Of o 
267 


Ck4 OO 
0127 


L>202 




1 rs 


O / OO s 








a<4 OD 


COCfcO 

r 






O/'OON 






o^4 


Ck4 ors 


P»AAO 




b 1 


O / OO s 






0"70 

2r 2 


Cfc^ oc 


Drir t 






O ✓ OO s 






2r-5 


0131 


7CEp 












274 




AO 

02 




CCL 








275 


0134 


C203 




LD 


3<P2> 




ADD CURRENT DIGIT INTO 


276 


ei26 


F2FF 




RDD 


-1<P2> 


} 


NUMBER 


277 


0138 


Cfl02 




ST 


2<P2) 






278 


013n 


2F 




XPPC 


P3 


f 


GET NEXT CHRR 


279 


013B 


90BB 




JMP 


♦LOOP 


> 


RND LOOP 


280 

















281 
282 
282 
284 
285 
286 
287 
288 
289 
290 
291 
292 
292 
294 
295 
296 
297 
298 
299 

300 

201 
202 
303 
304 
205 
206 
207 
«308 



PFKjE 
LOCAL 



'HEX NUMBER OUTPUT' 



PRINT HEX NUMBER WITH TRAILING BLANK <PHEX1> OR 
WITHOUT IT <PHEX2). NUMBER TO BE PRINTED IS 
IN AC. 



013D 
013F 
0141 
0143 
0145 
0147 
0149 
014B 
014C 
014E 
0150 
0151 
0153 
0155 
0157 
0159 
015A 
0158 
015C 
015D 
015E 
0160 



CEFF 
C420 
9004 
CEFF 
C400 
CEFF 
C4C2 
33 

CEFF 
C401 

37 

CEFF 

0402 

CEFF 

C204 

IC 

IC 

IC 

IC 

02 

F4F6 
9404 



PHEXl : 

PHEX2 : 
*1: 



*5: 



ST 


0-l<P2> 


LDI 


020 


JMP 


♦1 


ST 


©-KP2) 


LDI 


0 


ST 


(?-l<P2> 


LDI 


LCPUTO-i 


XPRL 


P3 


ST 


©-1<P2> 


LDI 


H<PUTC> 


XPRH 


P3 


ST 


(»-l<P2> 


LDI 


2 


ST 


C--1<P2> 


LD 


4<P2> 


SR 




SR 




SR 




SR 




CCL 




RDI 


-10 


JP 


$2 



SAVE AC 

SET FLAG TO PRINT BLANK AFTE 

NUMBER 
SAVE AC 

CLEAR FLAG TO PRINT BLANK 

AFTER NUMBER 
LOAD ADDRESS OF PUTC TO P3 

AND SAVE RETURN ADDRESS 



SET FLAG FOR 1ST NUMBER 

GET ORIGINAL VALUE 
SHIFT TO LOW 4 BITS 



; CONVERT TO ASCII 
; NUMBER IS A THRU F 



Figure 2C3-2 (Continued) 



2C3-8 





0Xo<^ 


r 4.5n 




Ar*. T 


0 ■rl0 








WXo^ 


AAAA 

3002 














I^Xoo 


r ^H-W 




or-k T 
nU i 


n ~X 




1 nt ""X 1 rlKtb UnKt Ur UMKKt 




CtA ^Cf 










> 


PKINT NUnotK 




f^A 

0169 


A AAA 

BR00 




DLD 


✓ A A S 






314 


f^A ■l^r'm 

016B 


A A A^ 

9806 




JZ 


»4 






315 


016D 


C204 




LD 


4 < P2 > 




r • V ^» ▼ k 1 ^> 1 kill hut PS fa 

UET ORIGINRL NUMBER 


316 


016F 


D40F 




AkI T 

RNI 


AfT 

0F 


•• 


MAtfTIv* Afc.ir\ Ps T A T T 

MRbK 2ND DIGIT 


317 


i^A "9^ 

0171 


A AP A 

90ER 




JPlP 








318 


f>A 

0173 


A A A^ 

C203 


»4 : 


LD 


■> ✓ A A "s 

3 < P2 .> 




ALinrAL/" C AA AA T fc-IT T IlIA AI AIlILX 

CHECK FUR PR I NT I Nb BLHNK 


319 


0175 


9801 




JZ 


»6 






320 


0177 


3F 




XPPC 


A"!> 

P3 


•* 


T r* k.lAT A AA T k ITT dl A> 11^ 

IF NOT 0.' PRIr4T c«LHNK 


321 


0178 


C201 


^^6 : 


LD 


1<P2> 


) 


RESTORE RETURN HDDREbb 


322 


017fl 


37 




XPRH 


P3 






323 


017B 


C202 




LD 


2 < P2 > 






324 


017D 


33 




XPRL 


P3 






325 


017E 


C604 




LD 


(?4<P2> 


.» 


RESTORE STRCK RND RC 


326 


0180 


C601 




LD 


@1<P2> 






327 


0182 


3F 




XPPC 


P3 




RETURN 


328 


0183 


90B8 




JMP 


PHEXl 






329 








. PRGE 


'GECO^ 






330 








. LOCRL 








331 
















332 






; GECO 


IS USED 


FOR KEVBORRD INPUT SO IT ECHOS THE 


333 






; CHRRflCTER BUT 


DOES NOT 


ENABLE 


THE RERDER RELRV. 


334 
















335 


f^A AC 

0185 


A A A A 

C408 


GECO: 


LDI 


8 


} 


SET COUNT = 8 


336 


t^A 

0187 


AA^C 

CRFF 




ST 


-1<P2> 






337 


i^A 

0189 


06 


♦2: 


CSR 




f 


NR IT FOR STRRT BIT 


338 


Aji AA 

018R 


^ A A A 

D420 




RNI 


020 






339 


A^ A A 

01 8C 


AAC A 

9CFB 




JNZ 


$2 


f 


NOT FOUND 


340 


A4 AC" 

018E 


C457 




LDI 


87 


f 


DELRV 1/2 BIT TIME 




A^ AA 


or 0H 




DLV 


4 








vX7& 






CSR 




.* 


IS STRRT BIT STILL THERE? 




A^ O"? 


r\j4 AC* 




RNI 


020 






.544 


A^ Qcr 


AACO 




JNZ 


$2 


j 


NO 






A^ 

0O 




CSR 






SEND STRRT BIT <NOTE THRT 


346 


f%A AA 

0198 


DC01 




OR I 


1 




OUTPUT IS IN VERTED > 


347 


A.i4 AA 

01 3n 


A^ 

07 




CRS 








-> o 


A4 OD 


U^r t 


♦LOOP : 


LDI 


126 




DELRV 1 BIT TIME 




UX:7U 


or 0O 




DLV 


8 








WXSrr 


0O 




CSR 






GET BIT <SENSEB> 




A^ AA 


L>^*i0 




RNI 


020 








A<« AA 


AAA A 

9802 




JZ 


*3 






353 


A^ A 

01fl4 


A^ A^ 

C401 




LDI 


1 






354 


01R6 


CRFE 


*3: 


ST 


-2<P2> 


.» 


SRVE BIT VRLUE <:0 OR 1> 


355 


01fl8 


IF 




RRL 






ROTRTE INTO LINK 


356 


01R9 


01 




XRE 








357 


01flfl 


ID 




SRL 




f 


SHIFT INTO CHRRRCTER 


358 


01RB 


01 




XRE 




j 


RETURN CHRP TO E 


359 


01RC 


06 




CSR 






ECHO BIT TO OUTPUT 


360 


01RD 


DC01 




OR I 


1 






361 


01RF 


E2FE 




XOR 


-2<P2> 







Figure 2C3-2 (Continued) 



2C3-9 





01B1 


OTf 

07 




CRS 








rkA c»o 


Bnrr 




DLD 




.1 DELREnENT BIT LUUNT 


364 


01B4 


9CE5 




Tfc l"T 

J Nil 


*LOOP 


i Ot^tft 1 Ih IT T 1 O 

} LOuP UNTIL 0 




OA C!t^ 

0166 


o^ 
06 




LSR 




r~ r~ T T o r"i t t 

; SET bTOP BIT 


2SS 


01B7 


D4FE 




R^4I 


0FE 




2S7 


01B9 


07 




CRS 






268 


01BR 


8F08 




DLV 






363 


01BC 


40 




LDE 




j HL. HHb INPUT LHhRHLTER 


370 


01BD 


D47F 




RNI 


07F 






0xt>r 


OA 

0X 




/'.HE 










H-0 




1 T'lC* 








0XUX 


T'C 




P^.r r L 


r J:. 


C!» IT T 1 1 E!i b 1 

.J RETURN 


4 


01Cci 


90L.1 




JnP 


IjECU 




375 








. PRGE 


•^PUTC 




376 








. LOCRL 






377 














378 






PUT 


CHRRRCTER 


IN RC TO TT't 


RLL REGS SRVED. 


379 






; IF 


INPUT DETECTED.. CONTROL 


PRSSES TO PROMPT. 


380 






; r40TE: TTV LOGIC LEVELS RRE 


T k it 1 r~ r"i T r" p.. ^ i i t r*t i i t 

I NVERTED FOR OUTPUT 


381 














J.82 


01C4 


01 


PUTC : 


XRE 






383 


01C5 


C4FF 




LDI 


255 




384 


01C7 


t?F17 




DLV 


23 






01C9 


o^ 

06 




CSR 




^~r*T ^il ITI^tl IT n T T fO 1 ^n~« T i"i d 

.J SET OUTPUT BIT TO LOblC 0 FL 


-Soo 


01Cn 


Dt..01 




OR I 




.J FOR STHKT BIT. (.NOTE INVER 




' 01LU 


0r 




CRS 






^oo 


01LL/ 






LDI 


9 


ThJTTTtai T "7C C« T T T'Til IMT 




01Ur 


Ci cr c 
UMr r 




ST 


-1<P2> 


. i~iT i-ir~" r" c 

.• n 1 0r r •-.» 




CtA Ft A 


L-*ton 


^1: 


LDI 


138 


r-»CI Q»-.« -1 C» T T T T MET 

J UtUrlT X oi 1 1 Int. 




fUA r\"~^ 


oh 08 




DLV 


8 




39<£. 


nA Pscr 

01 D 5 


BHr F 




DLD 


-1<P2> 


r«. rr i""- c!i CT M CT fc it ci t t •"■•^iI ik it 

.J D E L. R E n E N T BIT L O U N I . 




OA r*>."T 

01D7 


OOA O 

9810 




JZ 


:*EXIT 






01 


A O 




LDE 




DOtrOaOET MC VT C» T T 

rKtirnKt. r4t.?-. 1 ol 1 




ciA r\Ci 


r\ A OA 
U401 




RNI 


1 






01L'i-p 


Lrlr b. 




ST 


-2<P2> 


. QT OCCA 


33 r 


fkA r-.c" 


OA 
01 




XRE 




C"LJ T C PiCiTCi C« T r.UT -1 C» T T 


-2.98 


01DF 


A 

IC 




SR 








01E0 


OA 
01 




XRE 






400 


01E1 


06 




CSR 




i~*rrT 1 ItTi •"•|l ITCtl IT Ci T T 

.1 bET UP UUTPUT BIT 


401 


01E2 


DC01 




OR I 


1 




40<£. 


OA CjA 
01t4 


E^FE 




XOR 


-2<P2::' 






01t.6 


0r 




CRS 




CI IT C« T T TTi TT'-' 

r U 1 b 1 1 1 U 1 1 T 


404 


OA r~" ~T 

01E7 


90ES 




JMP 


^± 




405 


OA CO 

0iEy 


06 


:^EXIT 


CSR 




bET bTOP BIT 


406 


OA CO 

01tn 


rs -4 crcr 
lj4rE 




RNI 


0FE 




407 


01EC 


07 




CRS 






408 


01ED 


D420 




RNI 


020 


CHELK for KEVBUHRD input bEN 


409 


01EF 


9803 




JZ 


*2 


RTTEMPTED INPUT c:N0TE THRT 


410 












INPUT IS NOT I NVERTED > 


411 


01F1 


3F 




XPPC 


P3 


; RETURN 


412 


01F2 


90D0 




JMP 


PUTC 




413 


01F4 


C400 


$:2: 


JS 


P3.. CMDLP 





Figure 2C3-2 (Continued) 



2C3-10 



01F6 3704 
01F8 4123 
01FR 3F 
414 0000 . Er-4D 



RC 


FFFE 


CMDLP 


0042 


Ef4TER 


0028 


tm. Ps Pn •«.' 




EX 


FFFF 


EXIT 


000B 


EXOFF 


FFFF 


GECO 


Cil85 


GHEX 


00DF 


GHEX2 


00D6 


GO 


0056 ^' 


LOOPl 


00B6 


MOD 


006C * 


PI 


0001 


P2 


0002 


P2RDR 


0FF6 


P3 


0003 


PC 


FFFS 


PHEXl 


013D 


PHEX2 


0143 


PTl 


FFFR 


PT2 


FFFC 


PUTC 


01C4 


SR 


0000 


STRCK 


0FFF 


STRRT 


0001 + 


TVPE 


0067 


tl 


0077 


*1 


00F2 


*1 


0147 


$:l 


01D1 


$2 


0075 


*2 


010D 


*2 


0166 


*2 


0189 


*2 


01F4 


*3 


011C 


$:3 


0168 


^3 


01R6 


f:4 


008R 


*4 


0119 


*:4 


0173 


*5 


0122 


*5 


015D 


te 


00E1 


t'S 


0178 


*EXIT 


01E9 


:^LOOP 


00F8 


tLOOP 


019B 


*RET 


0103 


•I^SKIP 


0067 


tSKIP 


00CB 











r40 ERROR LINES 

SOURCE CHECKSUM=E86E 

FIRST INPUT SECTOR HEX - 0290 

FINRL INPUT SECTOR HEX - 02R0 

NS10561 



Figure 2C3-2 (Concluded) 
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1 

2 
2 
4 
5 
6 
7 
6 
9 

10 
11 



. TITLE DISP. ''MOVING MESSfiQE FOR MULT I ^ 
MESSRGE MUST BE > 22 CHflRflCTERS. 

3/17/76 

RAM LOCRTIONS USED. 



12 






} 


0F00 


RDDRESS OF MESSRGE HIGH 


13 






} 


0F01 


RDDRESS OF MESSRGE LOW 


14 






i 


0F02 


NEXT RDDRESS OF MESSRGE HIGH 


15 








0F03 


NEXT RDDRESS OF MESSRGE LOW 


16 






) 


0F04 


CHRP PER LINE COUNTER 


17 












18 












19 












20 




0000 


HST 




0 ;SRME RS 0F00 


21 




0001 


LST 


= 


1 ;SRME RS 0F01 


22 




0002 


HTMP 


= 


2 ;SRME RS 0F02 


23 




0003 


LTMP 


= 


3 iSRME RS 0F03 


24 




0004 


COUNT 


= 


4 ;SRME RS 0F04 


25 




0800 


RDR 


= 


0800 ; RDDRESS OF DISPLRV. 


26 




0F00 


RRM 




0F00 ; STRRT OF RRM. 


27 












28 




0400 




= 


0400 ;STRRTING RDDRESS, 


29 












30 












31 








MESSRGE 


IS RSCII STRING IN MEMORV. 


32 






} 


END OF 


MESSRGE IS R BVTE OF RLL 0. 


33 












34 








. PRGE 




35 












36 






STRRT : 






37 


0400 


08 




NOP 




38 


0401 


0420 




LDI 


020 .1 SET Fl.. TURN ON SC/MP 1. 


39 


0403 


07 




CRS 


; SEND FLRQ. 


40 


0404 


C40F 




LDI 


H<RRM> .:PUT RRM RDDRESS IN P3. 


41 


0406 


37 




XPRH 




42 


0407 


C400 




LDI 


l<:rrm> 


43 


0409 


33 




XPRL 


3 


44 


040R 


C404 




LDI 


H<MMSG> .:SET STRRT I NQ RDDRESS IF 


45 


040C 


CB00 




ST 


HSTc:3> ; SRVE IN RRM. 


46 


040E 


C477 




LDI 


L<MMSG> 


47 


0410 


CB01 




ST 


LST<3> 


48 


0412 


0408 




LDI 


H<RDR> .:PUT RDDRESS OF DISPLRV 


49 


0414 


35 




XPRH 


1 


50 


0415 


C400 




LDI 


L'::RDR> 


51 


0417 


31 




XPRL 


1 


52 


0418 


C400 




LDI 


0 ; CLERR DISPLRV. 


53 


041fl 


0900 




ST 


<:i> 


54 


041C 


C420 




LDI 


22 ; SET LINE COUNT. 


55 


041E 


CB04 




ST 


C0UNT<3> 


56 






S: 






57 


0420 


C30i 




LD 


LST<:3> .:PUT RDDRESS IN TEMP. 


58 


0422 


CB03 




ST 


LTMP-:: 3 > 



Figure 2C3-3. Program Listing for Burroughs Self-Scan Routine 
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59 
60 
61 
62 
62 
64 
65 
66 
67 
68 
69 
70 
71 
72 
72* 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
92 
94 
95 
96 
97 
98 
99 

100 
101 

102 
102 
104 
105 
106 
107 
108 
109 

110 

111 
112 
112 
114 
115 
116 
117 



0424 
0425 
0427 



22 

C200 
CB02 



0429 26 



PRr-4T : 
PRINT; 



042R 
042C: 
042E 
0420 
0421 
0422 
0424 

0426 
0427 
0429 

042B 
042D 
042F 
0441 

0442 
0445 
0447 
0449 
044B 
044C 
044E 

0450 
0451 
0452 
0452 
0455 
0457 

0459 
045R 
045C 
045E 
045F 
0461 
0462 
0465 
0466 
0468 
0469 
046B 

04611: 
046D 
046F 
0471 
0472 
0475 



C601 
9C22 
C202 
26 

C202 
22 

900D 
22 

C202 
90EE 

C:420 
C:B04 
C4FF 
8F80 

C200 
98D9 
RB02 
9CEB 
22 

RB02 
90DR 

01 

40 
02 

F4E0 

9402 
90D1 

02 

F4C0 
94CC 
40 

D42F 
DC:80 
C900 
06 

DC01 
07 

D4FE 

07 

06 

D420 
9CFB 
BB04 
98C6 
90B2 



OH: 



NEW : 



MORE : 



SELF : 



GTIF : 



DOWRIT: 



KPRL 

LD 

ST 

XPRH 

LD 

JNZ 

LD 

XPRH 
LD 

XPRL 
JMP 

XPRL 

LD 

JMP 

LDI 
ST 
LDI 
DLV 

LD 

JZ 

ILD 

JNZ 

XPRL 

ILD 

JMP 

XRE 

LDE 

CCL 

RDI 

JP 

JMP 

CCL 

RDI 

JP 

LDE 

RNI 

OR I 

ST 

CSR 

OR I 

CRS 

RNI 

CRS 

CSR 

RNI 

JNZ 

DLD 

JZ 

JMP 



HST'::2> 
HTMP<2> 



i?l<2> 
SELF 
HTMP'::2> 
2 

LTMP'::2:> 

MORE 

2 

HTMP'::2> 
PRNT 



COUNT':: 2:: 
OFF 

080 

S 

LTMP<:2> 

ON 

2 

HTMP<:2> 
PRINT 



0E0 

GTIF 
PRINT 



0C0 

PRINT 

02F 
0£:0 
•::i::' 

1 

0FE 



020 

DOWRIT 
COUNT-::: 
NEW 
PRINT 



EiET P2 TO RDDRESS. 



HIGH RDDRESS IN Pi 

GET NEXT WORD. 
CHECK IF DONE. 
RESTORE POINTER. 



SRVE IN P2 LOW. 
RESTORE HIGH. 



.; SRVE LINE COUNT. 
DO R SHORT DELRV. 

.; CHECK IF DONE. 

.;BUMP RRM POINTER. 

.;NEXT RDDRESS. 
.J BUMP HIGH. 



SRVE CHRP. 
GET CHRP. 
CLERR LINK. 

CHECK IF LESS THRN 020. 
NO > 01F. 

LESS THRN OIF RETURN. 

CLERR LINK. 

CHECi:: IF > 05F. 

VES RETURN. 

CHRP IS VRLID. 

STRIP OFF HIGH BITS. 

SET CLERR RND DISPLRV BITS 

SEND WORD. 

SET WRITE CVCLE FLRG O. 
NOW SET FLRG O. 
NOW RESET FLRG. 
DO IT. 



GET STRTUS. 

CHECK IF SENSE B IS 

WRIT IF SET. 

BUMP COUNTER. 



SET. 



MMSG : 



Figure 2C3-3 (Continued) 
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118 0477 
0479 
047B 
047D 
047F 
04S1 
0483 
0485 
0487 
0489 
048B 
048D 
048F 
0491 
0493 
0495 
0497 
0499 
049B 
049D 

119 049E 
04R0 
04R2 
04R4 
04R6 
04R8 
04RR 
04RC: 
04RE 
04B0 
04B2 
04B4 
04B6 
04BS 
04BR 
04BC 
04BE 
04C0 
04C2 
04C4 

120 04C6 
04C:8 
04CR 
04CC 
04C:E 
04D0 
04D2 
04D4 
04D6 
04D8 
04DR 
04DC 
04DE 
04E0 
04E2 
04E4 
04E6 
04E8 
04ER 



2020 
2020 
2020 
2020 
2020 
4D55 
4C54 
4920 
5052 
4F43 
4552 
524F 
5220 
4F50 
4552 
4154 
494F 
4E20 
4F46 
20 

5457 
4F20 
5342 
2F4D 
5053 
2C20 
4F4E 
4520 
5255 
4E4E 
494E 
4720 
4B49 
5442 
5547 
2054 
4845 
204F 
5448 
4552 
2052 
554E 
4E49 
4E47 
2041 
2042 
5552 
524F 
5547 
4853 
2053 
454C 
4620 
5343 
414E 
2044 
4953 
504C: 
4159 



RSCII 



MULT I PROCESSOR OPERRTION OF ' 



RSCII "TWO SC/MPS. ONE RUNNING KITBUG THE OTHER" 



RSCII RUNNING R BURROUGHS SELF SCRN DISPLRV. 



Figure 2C3-3 (Continued) 
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04Ei:: 2E2H1 
04EE 2020 
04F0 20 

121 04F1 00 BVTE 

122 

122 

124 0000 END 



DISP MOVING MESSRGE FOR MULT I 



RDR 0800 

GTIF 0459 

LST 0001 

MORE 0443 

PRINT 042R 

S 0420 



COUNT 0004 

HST 0000 

LTMP 0003 

NEW 042B 

PRNT 0429 

SELF 0450 



DOWRIT 046C 

HTMP 0002 

MMSG 0477 

ON 0436 

RRM 0F00 

STRRT 0400 * 



NO ERROR LINES 
SOURCE CHECKSUM=D136 

NS 10562 



Figure 2C3-3 (Concluded) 
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INTERFACING A SC/MP SYSTEM 
WITH A CASSETTE RECORDER 

General Description 

Figure 2C4-1 shows how a casette tape recorder can be inter- 
faced with a SC/MP-based system to provide approximately 
40K 8-bit bytes of data on each side of a 30-minute tape. 
As an alternative to using paper tape, PROMs, or more com- 
plex and expensive media, the cassette interface can be used 
to store and transport program Ubraries; also, systems of 
similar design could be used for small-business inventories 
and many other applications. 

Off-the-shelf integrated circuits were used to implement the 
system shown in figure 2C4-1 . A recorder in the cost range 
of 50 dollars will provide satisfactory performance; however, 
a higher priced ($80 to $100) recorder should provide better 
consistency and greater reliabihty. The recorders listed in 
table 2C4-1 were used to verify the accuracy and reliabihty 
of this apphcation. Using the four recorders, a lOK-byte 
program was loaded 10 times in succession and then two 
playbacks were made from each recorder. A different re- 



corder was used to record and playback and, in all cases, 
the results were error-free. The transmission rate of 330 baud 
(40 bytes/second) is sufficient for most applications; the 
clocking scheme permits the storage of 1 7 2K-byte programs 
(including interprogram gaps) to be recorded on each 15- 
minute side of the cassette tape. 



Table 2C4-1. Cassette Recorders Used for Accuracy and 
Reliability Tests 



Make 


Model 


Approximate Cost 


Panasonic 


RQ309AS 


$ 40 


Panasonic 


RQ423S 


$ 70 


Sony 


TC-40 


$100 


Sony 


TC-55 


$155 



*Specifying the ideal recorder for a par- 
ticular application is difficult; it is rec- 
commended that the output waveform 
(WF-A, figure 2C4-3) be used as a 
guide to selection. 



DIGITAL INPUT 



END OF TRANSMISSION 



CASSETTE RECORDER 



INTERFACE 
CIRCUITS 



MEMORY PERIPHERAL 
DECODER 



EOT SEARCH 
LATCHES «, 
LED IMDICATOR 



AUDIO 
INPUT _ 

AUDIO 
OUTPUT 



SENSE B 



NWDS 



NOTE 

SC/MP SYSTEM INCLUDES 
HEX KEYBOARD AND/OR 
TTY, INTERFACE CIR 
CUITS, DISPLAY, AND MIN- 
IMUM DEBUG ROUTINES 



TAPE LEADER 


IDENTIFICATION 
WORD 


STARTING ADDRESS 
OF PROGRAM 


ADDRESS POINT 
OF ENTRY 


LENGTH OF 
PROGRAM 


PROGRAM 


CHECKSUM 


128 BYTES OF O S 


X'A5 (8 BITS) 


X'8203/X'8204 


X'820C/X'820D 


X'820A/X'820B 




(8 BITS) 



GENERATED BY 
BLOCK TRANSFER 
ROUTINE 



16-BITS EACH-USER ENTERS 
HIS ADDRESSES IN THESE SIX 
SPECIFIC LOCATIONS 



NS 10563 



Figure 2C4-1. Cassette Recorder Interfaced with SC/MP System— Block Diagram 
and Message Format 



2C4-1 



Operator Control 

An input/output program residing in PROM provides ail 
timing and control functions required to send and receive 
information between the CPU and the recorder. The send 
operation can be summarized as follows. Using a keyboard 
or a tape reader, the operator loads RAM locations X'8203 
(high-order byte) and X'8204 (low-order byte) with a 4- 
digit hexadecimal address that corresponds to the starting 
address of the program -see MESSAGE FORMAT in figure 
2C4-1. Next, RAM locations X'820C (high-order byte) and 
X'820D (low-order byte) are loaded with the POINT OF 
ENTRY ADDRESS. This entry point may be the starting 
address of any program to which the operator wants to 
transfer control upon completion of loading (playback 
mode). Finally, the high and low order bytes for LENGTH 
OF PROGRAM are loaded into RAM locations X'820A and 
X'820B, respectively. To initiate the output cycle, the oper- 
ator turns on the recorder and transfers control to address 
X'80C7 - the beginning of the data write routines. After 
the TAPE LEADER (128 bytes of zeros) is run through, 
the Search (LED) Indicator lights and stays on until the 
data transmission is complete; at this time, the Search Indi- 
cator is turned off, the End-of-Transmission Indicator is 
turned on, and the program halts at location X'8142. 
NOTE: If the recorder is inadvertently stopped before the 
output cycle is completed, the tape must be rewound and 
the cycle restarted. 

In the receive (playback) mode, the operator transfers con- 
trol via the keyboard to X'8000 - the starting address of 
the bootstrap loader routine. The bootstrap loader condi- 
tions SC/MP and then addresses the receive routine. Now, 
when the cassette is turned on and the operator selects the 
playback mode, the Search Indicator is turned on until the 
IDENTIFICATION WORD (figure 2C4-1) is recognized; 
then, the indicator is turned off. NOTE: For normal oper- 
ation, the Search Indicator should be **on'* from 3 to 5 
seconds; if it is on for a longer period because of defective 
tape, dirty heads, or another malfunction, the operator 
should abort the operation and restart it at X*8000, If the 
checksum is good, the Search Indicator is turned on again 
when the transmission-of-data is completed. 

When in the playback mode, the volume control of recorder 
should be adjusted until the "monitor output" is just below 
the clipping level when measured with an oscilloscope. Using 
the Search Indicator on-off time of approximately 5 seconds 
as a limit switch, the adjustment can be optimized by a 
trial-and-error method. 

System Operation 

Transmission of data from SC/MP to the cassette recorder 
is accompUshed by using a scheme that is self-synchronizing 



on a bit-time basis; that is, data are referenced to a "time- 
frame" rather than a leading or trailing pulse edge; thus, 
there is no cumulative error buildup in the system. The 
"approximate" 4-minisecond time frame (duration between 
clock pulses) is established by the send routine. A logic '0' 
is represented by the absence of a pulse at the midpoint of 
the time frame; a logic '1' is represented by the presence of 
a pulse. The clock and bit (data) pulses are generated by the 
address decoder circuits shown in figure 2C4-2. To generate 
either a clock or a bit (logic '1') pulse, a unique address is 
presented to the system address bus during the execution of 
a STore Instruction by SC/MP. The clock or bit pulse is 
then transmitted to the cassette recorder via the interface 
circuits shown in figure 2C4-3. A negative-going pulse is 
produced to begin the time frame. If the data bit is a '1', 
the decoder is addressed at the midpoint (between clock 
pulses) of the time frame and a second negative-going pulse 
is generated. If the data bit is a '0', the decoder is not ad- 
dressed and no pulse appears between the clock pulses of 
the time-frame. 

To record, the data write routines generate a long leader of 
zeros plus the identification word (X'A5) shown in figure 
2C4-1; these data are presented to the interface circuits in 
figure 2C4-3. The leader allows the tape-drive motor and 
AGC loop to stabilize; the leader also serves as an interpro- 
gram gap that faciUtates multiple-program recording on a 
single side of the cassette tape. As shown by the ideaUzed 
waveforms in figure 2C4-3, TTL inputs from the address 
decoder are changed to signals that are suitable for record- 
ing on the tape. User data are transmitted following the 
identification word. 

In the playback mode of operation, the recorder output 
(WF-A, figure 2C4-3) is translated to a TTL signal (WF-B) 
that drives the Sense B input (WF-C) of SC/MP. The proces- 
sor tests the Sense B line (output of "send" latch) for a 
logic '0', which occurs at the first clock pulse of the time 
frame. The latch is reset by SC/MP and, after a predeter- 
mined delay (approximately one-half time frame). Sense B 
is again tested. If a negative -going pulse is found at the "cen- 
ter" of the time frame, the data bit is recognized as a logic 
'1' and the latch is reset. If there is no zero-transition be- 
tween the first and last pulses of the time frame, the bit is 
recognized as a logic '0'. As previously indicated, this tech- 
nique — referencing the data bit to a time interval rather 
than to the leading or trailing edge of a pulse — prevents 
cumulative error buildup in the system. Tape format is such 
that upon completion of loading a program from the cassette, 
the program may be executed or control can be transferred 
to another existing program; for instance, a debug program. 
As previously indicated, the user can transfer program con- 
trol by simply loading the POINT OF ENTRY ADDRESS 
(figure 2C4-1) with the proper starting location. 



2C4-2 



NIFlED BUS 
TOR :0M 8131) 



NOTE 
SC/MP SYSTEM IN- 
CLUDES HEX KEY 
BOARD AND/OR TTY, 
INTERFACE CIRCUITS, 
DISPLAY, AND MIN- 
IMUM DEBUG 
ROUTINES. 



r.j . AD 00-AD 1 1 ^ 



ADDR 
PORT 




- AD12 
AD13 
AD14 
AD15 



+5V-»— 

j4 



.irOE TO 8 LINE DEMU 
TiPLEXER (DM 8233l 





3- 



SEARCH OFF 




AD 04 






AD 00 






AD 01 






AD 02 






AD 03 


-> 




AD 05 — > 




AD 06 






AD 07 


-> 











AD 04 

AD 00 — [T 

AD 01 ^ 

AD 02 ^ 

AD 03 — ^ 
AD 05 — Q 

AD 06 [7 

AD 07 IT 



OD 


Oil 


"1 


DO^ 


R/W 


Dl2 


A4 


DO2 


AO 


DI3 


A1 


DO3 


A2 


DI4 


A3 


DO4 


A5 


CE2 


A6 


^CC 


A7 


GND 



15] ^ DB7 - 

r-^5V 



-E 



-E 



e0 

J p A4 12J— 



SEARCH 
IND 




CLOCK & 
DATA (Oor 1) 
TO INVERTER 
(FIG. 2C5-3) 



NOTES: 

1 . Unused pins not shown 

2. 2 input OR gra (DM 7432) 
or equivalent 

3. EOT = end of transmission 



NS10564 



Figure 2C4-2. Decoding and Memory-Interface Circuits 




Figure 2C4-3. Cassette-to-SC/MP Interface Circuits 



Software Considerations 

The "data write" and "data receive" routines are stored in 
ROM. A "minimum control" routine is also stored in ROM; 
this routine directs communications between the operator 
and a "hex" keyboard, and controls the LED indicators 
shown in figure 2C4-2. Send and receive flowcharts and a 
complete program listing for the cassette-to-SC/MP interface 
are shown in figures 2C4-4 and 2C4-5, respectively. 



To transfer control to RAM or to modify locations in RAM, 
an input/output interface capabiUty is required by the oper- 
ator. Such a capabiUty is provided by the SC/MP Low Cost 
Development System or by the SC/MP minimum debug kit 
with a "hex" keyboard/display and the necessary interface 
circuits. NOTE: Refer to figures 2C2-8 and 2C2-14 for 
guidelines to design a keyboard-entry /display interface.) 




Figure 2C4 — 4, SC/MP- to-Cassette Interface — Write and Read Flowcharts 



2C4-5 



TITLE TRPEIO.. SC/MP ROUTINES'- 



1.0 

1:1. 
1.2 
13: 
1.4 
15 
16 
17 
IS 
19 
20 
21 



24 



10 

11 



34 



8200 
3300 

0003 
0002: 
000.1. 



0000 
0001 
0002 
000..:i: 
0004 
0005 

000^3 
0t-i07 
0008 
0009 
000fl 

000E: 

000C 
000D 



0000 
0001 
0002 
0003 
0004 



=>■. ■' 300£l 



K •' 8200 
K •■ 8300 



RAM 

PERIPH = 

P2 
PI 



TEMPORHRV DRTfl Ui RRM 



CNTU 

CNTL 

CKSUn 

SIRRTU 

STRRTL 

BITCNT 

TEMPI 

TEMP2 

TEMP3 

TEr'IP4 

WDCNTU 

WDCNTL. 

JiJMPLI 

JUriPL 



0 
1 



10 
11 

12 
13 



PERIPHERRL ORDER CODES 



EOTON 

EOTOFF 

SRCHON 

SRCHOF 

FLRG 



0 
1 



RAM RDDRESS FOR POINTER 
PERIPHERRL RDDRESS FOR POINT 

POINTER #3 
POINTER #2 
POINTER #1 



INSIDE COUNTER FOR LEADER 
OUTSIDE COUNTER FOR LEADER 
CHECK SUM COUNTER 
STARTING ADDRESS CUPPER!) 
STARTING ADDRESS < LOWER > 
BIT COUNTER 

TEMPORARV STORAGE LOCATIONS 



WORD COUNT CUPPER!) 
WORD COUNT (! LOWER!) 
TRANSFER ADDRESS CUPPER!) 
TRANSFER ADDRESS C LOWER!) 



END OF TAPE LED ON POINTER 
END OF TAPE LED OFF POINTER 
SEARCH LED ON POINTER 
SEARCH LED OFF POINTER 
READ/WRITE FLAG 



Figure 2C4-5. SC/MP-to-Cassette Interface-Program Listing 
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PRGE 'BuuTbTRRP LORDER 



S3 
40 
41 
42 
43 
44 
45 

id 

47 
4S 
49 

5y 
51 



BOOTSTRRP LORDER ROUTINE. RECEIVES PROGRRM FROM TRPE. 
RLL NECCESSRRV I r4F0RMRT I Or-4 FOR L0RDir-4Q IS ON TRPE. 

THIS PROGRRM MRV BE RERSSEMBLED TO RDDRESS K'&em TO 
FUNCTION RS R POWER-ON LORDER. 

ItiFUJ UFiRhTWt) QF LIP 

SERRCH LED ON WHEN PROGRRM STRRTS 

SERRCH LED OFF WHEN IDENTIFIER CHRRRCTER RECEIVED 
END OF TRPE '::E0T> LED ON WHEN RECEPTION COMPLETE 
SERRCH LED ON IF CHECKSUMS COMPRRE 



54 



CONTROL IS THEN TRRNSFERED TO USER PROGRRM 



56 


3000 


03 


BOOT : NOP 




•_' i'" 


3001 


C400 


LDI 


L'::RRM> 


5S 


3003 


32 


XPRL 


P2 


59 


3004 


C432 


LDI 


h^rrm::- 


60 


3006 


36 


XPRH 


P2 


61 


3007 


C400 


LDI 


0 


62 


3009 


CR02 


ST 


CKSUM<P2::' 


63 
64 


300 B 
30 0D 


C400 

.< .< 


LDI 
XPRL 


L'::PERIPH > 
P3 


65 


30 0E 


C433 


LDI 


H'::PERIPH;:' 


66 


3010 


' < 7" 


XPRH 


P3 


67* 


3011 


CB02 


•-. r 


SRCH0N'::P3> 


6S 


3013 


CB01 


ST 


E0T0FF'::P3> 


69 


3015 


C400 


LD I 


0 


70 


3017 


01 


XRE 




71 


3013 


C43F 


LDI 


L OjETBIT >-1 




30 IH 


31 


XPRL 


Pl 


r I- 


301B 


C430 


LDI 


H'jjETBIT ;;• 


74 


301D 


35 


XPRH 


Pl 


— • !=• 

1 -.J 


301E 


3D 


LUCID : XPPC 


PI 


7*Z' 


30 IF 


40 


LDE 




r r' 


3020 


E4R5 


XRI 


X • R5 


r' o 


3022 


9302 


JZ 


SETPNT 


79 


3024 


90F3 


JMP 


LOCID 


S0 


3026 


CB03 


SETPNT : ST 


SRCH0F'::P3::' 


31 


3023 


C46D 


LDI 


L'-RECV >-l 




302R 


31 


XPRL 


Pl 




302B 


C430 


LD I 


H<RECV::' 


34 


302D 


35 


XPRH 


Pl 




302E 


3D 


XPPC 


Pl 


36 


302F 




XPRL 


P3 


O (' 


3030 


3D 


XPPC 


Pl 


yy 


3031 




XPRH 


P3 


39 


3032 


3D 


XPPC 


Pl 


90 


3033 


CR0D 


ST 


.JUMPL'::P2> 


91 


3035 


3D 


XPPC 


Pl 



FOR RELOCRTION TO X 
INITIRLIZE RRM POINTER 
IN P2 



CLERR RCCUMULRTOR 
INITIRLIZE CHECKSUM COUNTER 
PUT PERIPHERRL POINTER 
IN P3 



TURN ON SERRCH LED 

TURN OFF END OF TRPE LED 

CLERR RCCUMULRTOR 

CLERR E REGISTER 

PLRCE RDDRESS OF GET BIT 

IN Pl 



GO TO GETBIT FOR INPUT 

CHECK FOR PROPER ID CHRRRCTE 
IF ID RECEIVED.. TAKE REST OF 
PROGRRM.. ELSE GET NEXT BIT 
TURN OFF SERRCH LED 
PLRCE RDDRESS OF BVTE RECEIV 
IN Pl 



GET STARTING RDDRESS •:: LOWER 

RND PLRCE IN Pj: 

GET STARTING RDDRESS < UPPER) 

GET TRRNSFER RDDRESS RND 
SRVE IN RRM 



Figure 2C4-5 (Continued) 
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92 


8036 


CH0C 


ST 


JUNPU'::P2> 






93 


8038 


3D 


XPPC 


PI 




GET WORD COUNT < LOWER > 


94 


8039 


CH0B 


ST 


WDCNTL-:: P2::' 






95 


803B 


3D 


XPPC 


PI 


•• 


GET WORD COUNT < UPPER > 


96 


803C 


i::R0R 


ST 


WDCNTU<P2::» 






97 
98 


803E 


3D 


BOUTIN: XPPC 


PI 




GO TO RECEIVE 


99 


803F 


CF01 


ST 


i«'1'::P3> 




STORE RND INCREMENT POINTER 


100 


8041 


F202 


RDD 


CKSUN'::P2::' 




RDD CHRRRCTER TO CHECKSUM 


101 


8043 


CR02 


ST 


CKSUN'::P2> 






102 


8045 


R R 0 E! 


ILD 


NDCNTL'::P2> 




INCREMENT LOWER WORD COUNTER 


105 


yy4 r" 


9C:F5 


JNZ 


BOOT IN 




CHECK FOR ZERO 


104 


8049 


RRy R 


ILD 


WDCNTU':;P2 > 




INCREMENT UPPER WuRD COUNTER 


105 


804B 


9CF1 


JNZ 


BOOT IN 




CHECK FOR END OF TRRNSMISSIO 


10b 


804D 


3D 


XPPC 


PI 




GET CHECKSUM FROM TRPE 


107 


804E 


E202 


XUR 


CKSUN':;P2::' 




COMPRRE TO CRLCULRTED VRLUE 


10y 


8050 


9809 


JZ 


EXECPR 




EXECUTE LORDED PROGRRM 


109 


8052 


C400 


LDI 


L'::PERIPH::' 






110 


8054 


33 


X'PRL 


P3 






111 


8055 


C483 


LDI 


H<PERIPH> 






112 


8057 


37 


•XPRH 


P3 






113 


8058 


CB00 


ST 


EuTuN'. Pj. ..' 




TURN UN EUT LED Tu INDIlRTE 


114 


805R 


00 


HRL T 






CHECKSUM ERROR RND HRLT 


115 














116 


805B 


C400 


EXECPR : LDI 


L'::periph;.' 






117 


805D 


33 


XPRL 


P3 






lib' 


8M5E 


11:433 


LDI 


H'::PERIPH> 






119 


8060 


37 


XF-'RH 


P3 






120 


8061 


CB00 


ST 


EuTuN'.Pj ..' 




TURN UN END UF THPE LED 


121 


8063 


CB02 


ST 


SRCH0N''..P3> 




TURN UN z.EhRlH led 


122 


8065 


C20D 


LD 


JUMPL'.P^L.> 




LUHD TRHNbFER HDDREbS 


123 


8067^ 


2'1 


XF-'RL- 


P3 






124 


8068 


C20C 


LD 


JUMPU«::P2::' 






125 


806R 


..; ■ . ' 


XPRH 


P3 






126 


80 68 


C7FF 


LD 


ifi-l': P3> 




DECREMENT PU INTER FuR FETCH 


127 


806D 


3F 


XPPC 


P3 


•• 


EXECUTE 


128 














129 














130 






RECEIVE ROUT 


INE. RECEIVES 


ONE 


8-BIT CHRRRCTER INTO 


131 






HCCUMULRTOR. 








132 














133 














134 


806E 


C48F 


RECV : LDI 


lojetbit >-1 




PLRCE RDDRESS OF GETBIT 


135 


8070 


31 


XPRL 


PI 




IN Pi 


136 


8071 


CR07 


ST 


TEMP2'::P2::' 




SRVE CURRENT CONTENTS OF PI 


137 


8073 


C480 


LDI 


H':.GETBIT::' 






138 


8075 


35 


XPRH 


PI 






139 


8076 


CR06 


ST 


TEMPI •::P2;:' 






140 


8078 


C408 


LDI 


o 


•' 


bET BIT CUUNT 


141 


807R 


CR05 


ST 


BITCNT'::P2> 






142 


807C 


C400 


LDI 


0 




CLERR RCCUMULRTOR 


143 


807E 


01 


XRE 






CLERR E REGISTER 


144 


807F 


3D 


LOOP : XPPC 


PI 


.; 


GO TO GETBIT 


145 




BR05 


DLD 


BITCNT<P2> 




DECREMENT BIT COUNT 


146 


8082 


9802 


JZ 


RETRN2 




CHECK FOR ZERO 



Figure 2C4-5 (Continued) 
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147 


3034 


90F9 




JMP 


LOOP 


148 


3036 


C207 


RETRr-42 


: LD 


TEMP2':: P2> 


149 


O Ci O C' 


31 




XPRL 


PI 


150 


3039 


i::206 




LD 


TEMPI ':;P2::' 


151 


303B 


35 




XPRH 


PI 


152 


303C 


40 




LDE 




153 


303D 


3D 




XPPO 


PI 


154 


30SE 


90DE 




JMP 


REl:V 


155 












15b 












157 






GET 


BIT ROUTINE. REOEI 


153 












15'9 












160 


3090 


C400 


GETBIT 


1 r 1 T 


L '•. r tK i r n .' 


Ibl 


8092 


33 




. -.r HL 


r -1 


162 


3093 


CR09 




1 — r 
1 


T C h< C* --t .•■ O • "■ ' i 


163 


8095 


048 3 




LL' i 


u C' c C' r C' LJ -I 
n '•. r tK 1 r n 


164 


8097 


37 




'• •' CI' iTj L J 

.••.r nn 


r 


165 


3093 


CR08 




i~ T 
Z' 1 


1 Lnr J:- ••. r d 


166 


309H 


19 








167 


309E: 


06 


OKSR : 


OSR 




163 


309C 


D420 




RN I 


•■ 20 


169 


309E 


9302 




.. J Z 


OLOOK 


170 


30H0 


90F9 




JMP 


OKSR 


171 


80H2 


C400 


OLOOK : 


LD I 


0 


172 


80H4 


8F-01 




DLV 


1 


173 


80Rb 


CB04 




ST 


FLRG ':;P3> 


174 


80H8 


C400 




LDI 


0 


175 


80HR 


8F02 




DLV 




17b 


80Hi:: 


06 




OSR 




177 


80RD 


D420 




RN 1 


X •• 20 


178 


y 0 l"i i" 


9802 




•JZ 


ONE 


179 


808:1. 


90IJ4 




JMP 


RESET 


180 


80B3 


40 


ONE ; 


LDE 




181 


80 B4 


DCS9 




OF: I 


X • 80 


18^: 


8086 


01 




XRE 




183 


80B7 


i::B04 


RESET : 




FLRG':: P3> 


184 


80B9 


06 




OSRi 




185 


80BH 


D420 




RNI 


X •■ 20 


136 


80BC 


98F- 9 




J Z 


RESET 


187 


80BE 


C:209 


RETRrJ3 


: LD 


TEMP4':. P2::' 


188 


80C0 






XPRL. 


P3 


139 


80r::l. 


02 08 




LD 


TEMP3'::P2::' 


190 


80C3 


37 




XPRH 


P3 


191 


80C4 


3D 




XPPO 


PI 


192 


8005 


9009 




JMP 


GETBIT 


193 












194 








PRGE 


DRTR WRITE 



RESTORE PI TO ORIGINRL 
.J OONTENTS 



PLROE OHRRRCTER IN RCC. 
RETURN 



REOEIVES 1 BIT INTO E REGISTER 



195 
196 
197 
193 
199 

200 



PLROE PERIPHERRL RDDR. IN P 
SRVE ORIGINRL OONTENTS OF P 



SHIFT E REGISTER 

OOPV STRTUS TO ROCUMULRTOR 

MRSK 

IF ZERO.. BIT RECEIVED 
OHEOK RGRIN 

CLERR ROOUMULRTOR FOR DELRV 
DELRV 1 MS •::i/4 BIT TINE> 
RESET LRTOH 

I NIT ROOUMULRTOR FOR DELRV 
DELRV PRST MIDDLE OF WINDOW 
COPV STRTUS TO ROOUMULRTOR 
MRSK 

IF ZERO.. THEN BIT IS R "l" 



RDD "1" BIT TO OHRRRCTER 
SRVE IN E REGISTER 
RESET LRTOH 

OOPV STRTUS TO ROOUMULRTOR 
MRSK 

OHEOK IF LRTOH IS RESET 
RESTORE P2 



RETURN 



SEND 4 SECONDS OF "O" ^RBOUT 1000 TO RLLOW FOR 
TRPE TO SETTLE ON PLRV BRCK RND ROT RS LERDER 

.. OUTPUT OPERRTION OF LED INDICRTORS: 



Figure 2C4-5 (Continued) 
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201 
202 
203 
204 
205 
20b 
207 
208 
209 
210 
211 
212 
212 
214 
215 
21b 
217 
218 
219 
220 
221 



224 



SERRCH LED ON WHEN LERDER COMPLETE 
SERRCH LED OFF WHEN TRRNSNISSION COMPLETE 
END OF TRPE LED ON WHEN TRRNSMISSION COMPLETE 



:30 
•21 



224 8 



:uu7 
:0C'3 
:0CR 
:0CC 
:0CD 
:0CF 
:0D0 
:0D2 
:0Dj: 
:0D5 
::0Db 
::0D8 
::0Dh 
;0DC 
::0DE 
;:0E0 
:0E2 
•ME 4 
:i;:iEb 
:0E3 
:0ER 
:0EC 
;0EE 

:0F2 
;mF4 
:0F«i: 
OF 8 
0FR 



I... Huy 

CBI:J4 

I": 4 MM 
SI-M4 
E:hmm 
9CFb 
BRMi 
y4EE 
CBM2 



COMP : 



C40M I NIT: 



C482 

2 b 

C400 

C4S2 

r 

0400 
02 

FRmE: 
CRmB 

C4uM 

Fl'lUh 
|.:^iMR 
CBM2 
CBiJl. 
I"; 4 08 
CRmi 

i:48M 



LDI 

XPRL 

LDI 

XPRH 

LDI 

XPRL 

LDI 

XPRH 

LDI 

CCL 

CRD 

s r 

LDI 
ijhlD 

s \ 
s \ 



SNDLDFr: LDI 
S I 

CNTl . LDI 
:5 r 

an2 . ST 

LDI 
DLV 
DLD 

.jn:;- 

DLD 
TP 
ST 



L-:: RRM > 
P2 

H':;RRM> 
P2 

L'::PERIPH;:' 
P2 

H'::PERIPH::' 
P2 

0 

WDCNTL-:: P2> 
WDCNTL-:; P2;' 

0 

WDCNTU •:: P2> 
WDCNTU •:: P2::' 
SRCHOF':: P2 > 
EOTOFF':: P2 > 

CNTL-:: P2::' 
!•••! ■ 80 
CNTU •: 
FLRG 
0 
4 

CNTU-:: P2> 
CNT2 
CNTL-:: P2> 
CNTl 

SRCHON-:; PI 



: P2:.' 

:: P2 



PLRCE RRM POINTER IN Fc 
< LOWER > 

•:: upper::- 
plrce peripherrl rddre'i 

IN P2 



CLERR RCCUMULRTOR 

CLERR CRRRV/LINK FLRG 

FORM 1-S COMP OF LOWER COUNT 

CLERR RCCUMULRTOR 

FORM IS COMP OF UPPER COUNT 

TURN OFF SERRCH LED 
TURN OFF END OF TRPE LED 
SET OUTER COUNTER 

SET INNER COUNTER 

PULSE WRITE FLRG 
CLERR RCCUMULRTOR 
DELRV 1 BIT TIME 
DECREMENT INNER COUNTER 
CHECK FOR ZERO 
DECREMENT OUTER COUNTER 
CHECK FOR LESS THEN ZERO 
TURN ON SERRCH LED 



240 
241 
242 
242 
244 
245 
24b 
247 
248 
249 
250 
251 



254 8 



0FC C400 
0FE CR02 
100 C481 
102 25 
102 C444 



BLOCK TRRNSFER ROUTINE. SENDS BLOCK OF DRTR TO CRSETTE 

THE FOLLOWING RDDRESSES MUST BE LORDED BV USER BEFORE 
EXECUTING THE WRITE PROGRRM : 



;::04 

L'0R 
^0B 

1'0C 

e:0D 



UPPER 
LOWER 
UPPER 
LOWER 
UPPER 
LOWER 



BLOCK : 



BITS 
BITS 
BITS 
BITS 
BITS 
BITS 



OF 
OF 
OF 
OF 
OF 
OF 



LDI 

ST 
LDI 

XPRH 
LDI 



U 

CKSUM'::P2> 
H •:; WRITE > 
PI 

L'::WRITE::'-1 



PROGRRM 
PROGRRM 
PROGRRM 
PROGRRM 
TRRNSFER 
TRRNSFER 



RDDRESS 
RDDRESS 
LENGTH 
LENGTH 
RDDRESS 
RDDRESS 



::entrv point::- 



CLERR RCCUMULRTOR 
INITIALIZE CHECKSUM COUNTER 
PLRCE RDDRESS OF WRITE IN Pl 



Figure 2C4-5 (Continued) 
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256 


8:1.05 


31 




;-;pHL 


PI 




257 


8106 


C4H5 




LD L 


■ R5 


; LORD RCCUMULRTOR WITH ID 


258 


8108 


3D 






PI 


: WRITE ID ON TRPE 


259 


8109 


C204 




LD 


STRRTL':. P2.:' 


; GET STRRTING RDDRESS 


260 


810B 


3D 




xppi:. 


PI 


. WRITE ONTO 1RPE 


261 


S10C 


C203 




LI' 


X I MP 1 iJ'X-^ 




262 


810E 


3D 






IM. 




262 


S10F 


C20D 




Ll • 


Jin !Pl'.. l2 


GET TRRNSFER RDDRESS 


264 


Sill 


3D 




XPPC 


PI 




265 


S112 


C20C 




L.D 


JUMPU':P2.:' 




266 


8114 


3D 




XPPC 


PI 




267 


3115 


i::20B 




L..D 


WDC riTL P2 


. GET LENGTH 


268 


3117 


3D 




XPPC 


PI 




269 


3118 


C20H 




L i:> 


NDCN rU •:, P2::' 




270 


811H 


3D 




XPPC 


F'l 




271 


811B 


i:.204 


GETBV r 


1... .r. ' 


STRPTL P2::' 


. PLRCE CURRENT RDDRESS IN PI 


cL <' Li' 


8 J ID 


31 




XPRL 


PI 




27j- 


81 IE 


C2M3 




1 |- • 


ST MR TU P2:.' 




274 


8128 


3 




XF'Nhl 


PI. 




275 


8121 


C5M1 




LP 


i.n'l •.. PI 


GET CHRRRCTER THROUGH 


I r.' 


8123 


Ml 




.•::mP 




POINTER RND SRVE IN E REG. 


.■:L i ' r' 


8124 


C444 




L | -' I 


L '-.NR.!: IE ..'-l 


i GET RDDRESS OF WRITE RND 


278 


8126 


31 




::PML 


F'l 


SRVE CURRENT CONTENTS OF PI 


279 


8127 


CH04 




1 


.... i MK 1 L'..P2 




280 


8129 


C481 




LLl 


H LmP L I E 




281 


8i;;;^:B 






XPRH 


PI 




282 


812C 


UHU:: 




:- 1 


X T RPT U •:: P2 .:■ 




28"- 


812E 


411 




L.r-E 






284 


812F 


F2M2 






CPXUM .:: P2.:' 


UPDRTE CHECKSUM 


285 


8i::i;i 


CRM 2 




XT 


L KSUN P2..' 




28b 


8i:<::: 


40 




I.DP 




. PLRCE CHRRRCTER IN RCC. 


287 


8134 


:;;:[:> 




.^^PPl..• 


Fl 


SEND CHRRRCTER 


288 


8135 


RH0B 




I LD 


NL'CNTL •:. P2 .:■ 


INCREMENT WORD COUNTER 


289 


8137 


9CE2 




JNZ 


GETBV r 


CHECK FOR ZERO 


290 


8139 


H H 0 1 "1 




.[ LP 


^.-JPCNTU P2 > 




291 


81 3B 


9CDE 




J H Z. 


GETBV T 




292 


813D 


C202 




LD 


CKSUr-M.: P2 


; SEND CHECKSUM TO TRPE 


293 


813F 


3D 




XPE'C 


PI 




294 


8140 


CBM3 




ST 


SRCHOP': P3 > 


; TURN OFF SERRCH LED 


295 


8142 


CBmm 




8r 


EG"! ON •:. P3 


; TURN ON END OF TRPE LED 


296 


8144 


00 




HRLT 




: HRLT WHEN FINISHED 


297 














298 














299 






DmTM 


NP .[ T P 


ROUTINE NRITES 1 8-BIT CHRRRCTER ON TAPE 


300 














301 














302 


3145 


01 


NRITE: 


XRE 




SRVE CHRRRCTER IN E REG. 


303 


3146 


C408 




LDI 




SET BIT COUNT 


304 


3143 


C:h05 




ST 


BITCNT-:: P2::' 




305 


814fl 


40 


NRSK ; 


LDE 






306 


814B 


D401 




RNI 


1 


MRSK 


307 


314D 


9C03 




JNZ 


SENDl 


CHECK IF BIT "0" OR "1" 


303 


314F 


C400 




LDI 


0 


CLERR RCCUMULRTOR FOR DELRV 


309 


3151 


CB04 


SEND0 : 


ST 


FLRG'::P3> 


PULSE WRITE FLRG 


310 


3153 


SF04 




DLV 


4 


DELRV 1 BIT TIME C 4 MS .) 



Figure 2C4-5 (Continued) 
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8155 


900C 




JNP 


SHIFT 




212 


S157 


C40G1 


SENDl ; 


LDI 


0 




111 


3159 


CB04 




ST 


FLhG'::P2::' 


PULSE WRITE FLRG 


214 


315B 


3F02 




DLV 


2 


DELRV TO MIDDLE OF WINDOW 


215 


S15D 


CB04 




ST 


FLflG':P2::' 


PULSE WRITE FLRG 


216 


315F 


C4yw 




LDI 


0 


CLERR RCC. FOR DELRV 


217 


S161 


3F02 




DLV 


d'. 


DELRV TO END OF WINDOW 


21S 














219 


3162 


19 


SHIFT : 


S I LI 




SHIFT E REGISTER 


220 


3164 


BROS 




DL.D 


BrTCNT':;P2> 


L* E L. R E M E N T BIT L- U LI N T E R 


221 


3166 


9302 




JZ 


RETRNl 


CHECK FOR ZERO 


222 


3163 


90E0 




TNP 


MASK 


SEND NEKT BIT 


222 


316R 


2D 


RETRNl : 


XPpr: 


Pi 


RETURN 


224 


316B 


90DS 




JMP 


WRITE 




225 














226 








END 


BOOT 





BITCNT 

BOOT IN 

CLOCK 

CNTL 

EOTUFF 

FLRG 

INIT 

LOCID 

ONE 

P2 

RECV 

RETRN2 

SENDl 

SNDLDR 

STRRTL 

TEMP2 

WDCNTL 



0005 

80-:E 

0 \~\ 
0001 
0001 
0004 

S0i::7 + 

301E 

8062 

0002 

806E 
3086 
8157 
80E4 + 

0004 
KJ hJ rJ t' 



BL.OCK 

CKSH 

CN ! 1 

CrjTLi 

EJJTuN 

GETBIT 

JUMPL 

LOOP 

PI. 

PF^RIPH 
RESET 

retrn::; 

SETPNT 

srchof' 
strrtu 

TEMP2 
NDCNTU 



80FC 
809B 
80E8 

00 MM 
0000 

::-:m'::'0 
Li00D 
80 

0001 

c:Z00 

hJ t' I 

80 BL 
000. 

0002 
0008 
000H 



BUUl 

CKSUM 

CNT2 

CONP 

EXECPR 

GETBV T 

JUNPU 

MRSK 

P2 

RRI'I 

RETRNl 

SEND0 

SHIFT 

SRCHON 

TEMPI 

TEMP4 

WRITE 



8000 
0002 

80EC 
80D2 
805B 
81 IB 

000C 

814R 

0002 

8200 
816R 
8151 
8162 

0002 

0006 

0009 

3145 



NO ERROR LINES 
SOURCE CHECKSUM=C694 
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Figure 2C4-5 (Concluded) 
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INTERFACING SC/MP WITH A SEIKO PRINTER 

General Description 

Figure 2C4-6 shows how the SC/MP microprocessor can be 
interfaced with the Model 310 Seiko Digital Printer; this 
particular printer is small and compact, and is widely used 



in appHcations where simplicity and economy are prime 
factors. The printer requires a single supply voltage (17V) 
and can operate at speeds in the range of two to five lines 
per second — with a choice of two colors. The Model 310 
provides a 16-column print format with any one of 12 char- 
acters selected per column. The columns generally can be 
designated as follows. 



COLUMNS ^D16 — D15 — D14 — D13 Dy^D3y^D2— 01 ^ 



NOTE 

Specific column/character relationships 
and detailed timing information are shown 
in figure 2C4-7. 



SYMBOLS 
BLANK (Fixed) 



NUMERIC 



Functional operation of the printer is described in docu- 
ments furnished by the manufacturer (Shinshu Seiki Co., 
Ltd. of Japan); however, as an aid to the user, an operational 
summary is included here. When a print command (figure 
2C4-7) is received from SC/MP, the motor-drive signal is 
driven low; accordingly, the printer motor is activated and 
the main shaft begins to rotate. The 16 print wheels (Dl 
through D16) are mechanically linked to the shaft and the 
position of each wheel is detected by a photo-diode arrange- 
ment. A timing pulse (To, Ti, T2 Tn) is generated 

for each digit or symbol position of the print wheels and, 
for any given print cycle, the timing pulses select the digit 



(Dl) position for each wheel. During the T4 to Tj interval, 
color information is transmitted to select the color of tape 
to be printed. When the position of the wheel corresponds 
to the selected digit (or symbol) for that column, the print 
wheel is stopped and mechanically latched; thus, at the trail- 
ing edge of timing pulse Tn , all the print wheels are locked 
in position. When the platten print signal goes high, the se- 
lected characters for each column are transferred to the 
paper and, then, the paper is advanced. After completion of 
the print cycle, the motor drive signal is terminated and 
each print wheel returns to the initial blank (B) position. 
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BCD TO DECIMAL 
DECODER (74LS138I 







ADO — ^ 


A 


AD1 ^ 


B 


AD 2 [T 


C 


AD 11 — [T 


G1 


AD 10 [7 


G2A 


NWDS— [7 


G2B 




Vcc 




GND 



SEIKO PRINTER 
(MODEL 3101 




NOTES: 

1. Hex inverter (DM 7404) or equivalent 

2. TTL/MOS Hex inverter (DM 7812) or equivalent 

3. 2-lnput AND Gate (DM 7408) or equivalent. 

4. If SC/MP chip it not buffered, low-power 
devioet are required— eee figure 1-8 for 
buffered SC/MP chip. 



TO SENSE A 
OF SC/MP 
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Figure 2C4-6. SC/MP Interfaced with Seiko Digital Printer 




PRINT COMMAND 
(NOTE 2) 



MOTOR STOP 
SIGNAL 



MOTOR DRIVE 
SIG (NOTE 2) 



TIMING SIGNAL 



SELECT PULSE 0' 
(NOTE 2) 



SELECT PULSE V 
(NOTE 2) 



SELECT PULSE '2' 
(NOTE 2) 



»^ 10 TO 80 mSEC 

I 



TYPE II 

GREATER THAN 

50mSEC (Note 4) 



I 



^0 ^1 ^2 ^3 ^4 ^5 ^6 ^7 ^8 '^9 ^10 ^11 

JUUULfLnJUULflM 

I I 
I ^ 

n 



^ ^ GREATER THAN 

30mSEC (Note 4) 



ALL PRINT WHEELS RETURN 
TO BLANK POSITION 




COLOR CHANGE 
PULSE (NOTE 2) 



PLATEN 
PRINT 



PAPER 
FEED 



/)MAIN SHAFT 



180" 

-+- 



270" 

-+- 



TYPE I = APPROXIMATELY 400 mSEC TYPE 11 = APPROXIMATELY 430 mSEC 
(VARIES ACCORDING TO PRINTING SPEED) 



NOTES: 

1. Printed 'Red' in columns D4 through D16 to represent negative result. 

2. These signals are generated by SC/MP. 

3. Time period between Jf^ and T^^^ = 13 to 25 mSEC. 

4. For a 'Type 1' timing cycle, implement a 30-millisecond delay between last trailing edge of 
'Return' signal and leading edge of 'Print' command; for a 'Type If timing signal, implement a 
50-millisecond delay between leading edge of 'Motor Stop' signal and leading edge of 

'Print' command. 

5. For further detail on Model 310 DIGITAL PRINTER, refer to specification sheets and 
other documents of manufacturer (Shinshu Seiki Co., Ltd. of Japan); for further detail 
on devices DM 8693 and DM 8694, refer to specification sheets of National Semi 
conductor Corp. 
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Figure 2C4-^7. Column/Character Relationships and Timing for One Print Cycle 
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System Operation 



The SC/MP-to-printer interface is implemented via a special- 
purpose chip set that includes interface logic #1 (DS 8693), 
interface logic #2 (DS 8694), and two transistor arrays (DS 
8692). The DS 8693 device contains the interface logic for 
the color solenoid driver, the motor driver, and seven of the 
column/character select solenoid drivers; the DS 8694 chip 
contains the interface logic for eight column/character sol- 
enoid drivers plus the clock oscillator and timing-signal 
buffer. Each transistor array contains eight common-emitter 
output circuits — each circuit features active pull down and 
each can sink up to 350 milliamperes of current. Address 
decoding for the printer interface is performed by a BCD-to- 
decimal decoder (DM 74LS138), Hexadecimal address 
X'0200 is assigned to access the printer; address assignments 
for interface control are as follows: 



Hex 
Address 

0200 
0201 



0202 

0203 
0204 



Function 

Printer Interface 
Clock INI 



Clock IN2 

Common Clock 
Print 



Remarks 



Used to load DS 8693 with 
print information for col- 
umns DIO through D16 

Used to load DS 8694 with 
print information for col- 
umns Dl through D9 

Used to clear DS 8693 and 
DS 8694 

Used to issue PRINT COM- 
MAND 



The printer program continuously monitors a data buffer 
that is maintained in RAM (figure 2C4-8). This buffer is 
filled by any appropriate input device (keyboard, tape, or 
other), and when filled, the program is executed to print a 
line consisting of 16 characters. As shown in figure 2C4-7, 
the 16 columns (each column corresponding to a print 
wheel) are divided into two column words - COLWORD 1 
representing the characters to be printed for columns Dl 
through D9 (D3 is blank) and COLWORD 2 representing 
characters for the remaining columns (DIO through D16). 
The character codes for each column and the constants 
used to select a particular column are stored in ROM. When 
the characters stored in the data buffer for a particular 
column agree with those in the character code list, the print 
wheel for that column is mechanically latched; thus, at the 

end of the timing cycle (Tq Tn), all 16 print wheels 

are locked in position and the line is printed. The following 
example shows the interrelationships between the columns, 
the characters, the timing pulses, and COLWORDS 1 and 2. 



lEMORY ALLOCATIONS 



0000 - OOAC 



OOAD - OOBF 



OOCO - OOCF 



ootuMPiacooEiunr 

OODO - OODF 



miMm&4 It coot tIST 

OOEO- GOEF 




ROM 



> RAM^ 



'REMAINING RAM LOCATIONS 
ARE UNUSED. 
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Figure 2C4— 8. Memory Allocations for Printer Program 



2C4-16 



(NOTE: The TTL to MOS inverters in the interface devices 
require that the column drivers be driven with a logic '0' for 
selection; that is, the print wheels lock into position at a 
particular timing pulse if the COL WORD bit corresponding 
to that position is a logic V.) 

After the line of data is printed, all print wheels are un- 
latched and return to the blank (B) position; the motor 



drive signals also are reset until the arrival of the next print 
command. 

Software Considerations 

The flowcharts (figure 2C4-9) and program Hsting (figure 
2C4-10) shows how the SC/MP-to-printer interface can 
be software-controlled to provide the foregoing printing 
capabiUties. 




2C4-17 



C INITIALIZE \ 
SYSTEM J 



PUT PRINTER AD 
DRESS IN P3:SEND 
PRINT COMMAND 



SETUP PI AS TEMP 
STORAGE PTR- 

X'0110, LOAD P2U 

WITH X OO AND 
CLEAR CLOCK CTR 



INITIALIZE COLUMN 
WORDS 1 AND 2 = 



SETP3UT0 DATA 
BFR ADDRESS(X OI), 
SET P3L TO X OO TO 

START SCANNING 
DATA BFR 



SETUP P2L FOR 
COLUMN 1 CODE 
LIST. ADD CLOCK 
CTR TO X CO 




TRANSMIT COLUMN 
WORD 1 TO DS8693: 
TRANSMIT COLUMN 
WORD 2 TO DS 8694 




COMPARE DATA BFR 
CHARACTER WITH 
COLUMN 1 CHARACTER; 
INCREMENT P3 BY 1 




SETUP P2L FOR COLUMN 
2 CODE LIST. ADD CLOCK 
CTR TO X'DO TO COM 
PARE SECOND CHAR 



SETUP P2L WITH AD 
DRESSES OF COLUMN 
WORD CONSTANTS AND 
GENERATE NEW COL 
WORD 1 




STORE NEW COLUMN 
WORD 1 IN ADDRESS 
POINTED TO BY PI 



COMPARE DATA BFR 
CHARACTER WITH COL 
2 OR 4 16 CHAR. IN 
CREMENT P3 BY 1 



(INITIALIZE ^ 
SY^EM J 



5 



GENERATE COLUMN 
WORDS 1 AND 2 FOR 
NEXT PRINT CYCLE 
BY COMPARING 
CHARACTERS IN 
DATA BUFFER WITH 

CHARACTERS IN 
CODE LIST FOR D1 
THROUGH Die 




SEND COLUMN WORDS 
1 AND 2 TO INTERFACE 
CHIPS (DS 8693 AND 
DS 8694): INCREMENT 
PRINTER CLOCK COUNTEI^ 
BY 1 




PRINT A LINE: CLEAR 
INTERFACE DEVICES 
(DS 8693 & DS 8694) 



THE PRINTER WILL 
PRINT A LINE AT 
THIS POINT 




TO SETUP P2L FOR 
CODE LIST OF COL 
4 THRU 16. ADD 
X'EO TO CLOCK 
CTR 



SETP2LTOX'F0 
TO ACCESS COLUMN 
WORD CONSTANT 



GENERATE NEW 
COLUMN WORD 1 
AND SAVE 



TO SETUP P2L FOR 
COLUMN WORD CON 
STANT, ADD X OF 
TO VALUE OF CON 
STANT 



GENERATE NEW 
COLUMN WORD 2 
AND SAVE 



GET COLUMN 
COUNT FROM 
TEMP STORAGE 
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Figure 2C4-9. Summary and Detailed Flowchart for SC/MP-to-Printer Interface 
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4 








TITLE 


SCMP. '■'=iEIKO 


PRINTER PRGM* 


2 
2 




0001 


PI 




1 




4 




0002 


P2 




^ 




5 




0002: 


P3 




3 










0 L— r% ^ 




j_ 




•7 

1 










2 




f! 
C 






*mf Imm J!* 




2 




9 




0004 


PR I NT 


_ 


4 




10 




0200 


SE I KO 




0200 




11 




0001 


TEMPI 





1 




12 




0002 


TEMP2 


_ 


2 








KJKJKJ^ 






4 




14 




0005 


COLWRl 


_ 


5 








^^06 


L. i^. £. 




ig 


















i "7 
J. ^ 




fift 










1 ft 










L < SE I KO > 


; '=".ET UP PRINTER RDR'-. 


19 


0003 


33: 




XPRL 


P3 








C402 




LDI 


H^'^EIKO ) 

1 1 A 1 '.*<m' 




OA 




.ij' 1 




XPRH 
















PP I NT P"5 


; '^^.TRRT PRINTER 

aa' 1111% i 1 1% Al^l ka> 1 *• 






r4Pii 




LDI 




SET UP HIGHER MEMORV RDRS. 










^•:!PftM 


PI 

1 JL 












LDI 


0 




26 


000E 


3:6 




XPRH 


P2 




Cm f 


000F 


C410 




LDI 


010 




2ft 










PI 


; '=;ET I IP TEMP '^TRRRGE RDRS 






r*4PiPi 




LDI 


0 




2*0 




C904 




ST 


PLKPTP':*P1> 


; CLR CLK CHI INTER 


31 


















r4pp 




• LDI 


0FF 
^1 1 






QiM ft 






ST 


POLIJRI C PI 


: CLR COL UORDl 












POL UP2 <■ PI *) 


; CLR PRL W0RD2 




00 IP 


C401 




LDI 




; SET UP DRTR BFR RDRS. 






"3" "7 
1 




VPftM 


P"<: 
1 — ' 




^ 1 








LDI 


0 




Irft 








XPftl 


PI: 












L.L*' 


PI k'PTPi' Pi 


; 5FT IIP POINTER FOP 


Ad 








ftHT 
nL»' X 


0P0 


\ COLl CODE Lr-.T 










i^Pftl 
ni— 


P2 




^ ii. 




C701 




LD 


©1 < P3 > 


BEGIN SCRN FOR DRTR COMPR 


43 


0029 


E200 




XOR 


<P2> 




44 


P^02R 

I.' f ^ L' 


9827 




JZ 


COMPRl 




4"S 




C104 


PPT POMP 


• LD 


CLKCTRCPl ) 


.J SET UP POINTER FOR CODE LIST 
















*T f 








fiDI 
nL' X 


0D0 


.J SELECT C0L2 CODE LIST 


ilQ 
*rO 








VPfti 


P2 
















\ NO PRINTING IN C0L3 


50 


0034 


E200 


CONTSCN 


:XOR 


<P2> 


CHECK IF DRTR=CODE LIST CHRP 


51 


0036 


9827 




JZ 


C0MPR2 




52 


0038 


33 




XPRL 


P3 




53 


0039 


C901 




ST 


TEMP1<P1> 




54 


003B 


D40F 




Rr4I 


0F 


.;MRSK UPPER 4 BITS OF P3 



Figure 2C4-10. Program Listing for SC/MP-to-Printer Interface 
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55 


003D 


E40F 


SCNCHK : 


XRI 


0F 


fm I I r~ IV T f~ m~~ fm fm k 1 k 1 V k 1 f» fm k^ r*> 1 ^ 

CHElK if bCRNNING COMPLT 


56 


003F 


980C 




JZ 


TEST 


JMP TU WRIT rUK rKiK LLK 




0041 


•"••.4 f^A 

L101 




LD 


TEMPI ^ PI 


LD Dnlrl bPK nuKb. 


do 

Do 


fe104j> 






?sr HL 


r -i. 




■59 


AO A A 


LI 04 






LLKCTK <.P1 ^ 




60 


0046 


F4E0 




RDI 


0E0 


; LD C0L4 TO 16 LUDE HDRS. 


61 


0048 


32 




XPRL 


P2 




62 


0049 


C701 




LD 


©1 < P3 > 




63 


004B 


90E7 




JMP 


CONTSCN 




64 














65 


004D 


06 


TEST : 


CSR 








004E 


r\ A A t"* 

D410 






010 




6f 


£1050 


98rb 






T* r~ 1^ "T* 

TEST 




63 


0052 


9033 




JMP 


FNSHSCN 




69 














70 


0054 


C4F0 


COMPRl : 


LDI 


0F0 


LD LUL WORD LUNbT. HDRb. 


rl 


0056 






XPHL 


Pel 




72 


0057 


C200 




LD 


•;:p2> 


COLWORD CONST TO RCU 


1 

1' 4 


y 


D105 




nND 


LULWKIC. rl.> 


IjtNtKn 1 1 L-ULWKD 1 


75 


005 EJ 


C905 




ST 


L.ULWR1«..P1..' 


} bH vE NEW LULWRDl 


76 


005D 


90CE 




JMP 


^« i^t ft r"« 

RETCOMP 




r r 
78 


00Dr 


33 


C0MPR2 : 


XPRL 


Pj. 




79 


0060 


C901 




ST 


TEMPI < PI > 


SH vE DHTH BFR HDRb 


80 


0062 


D40F 




RNI 


0F 


} MRSK UPPER BITS 


81 


0064 


C902 




ST 


TEMPiC vPl .•• 


. •""i!^tJC~ •'"•i~il Mill i'"'i~il Ifc IT 

bHVE LULMN LUUNT 


8d 


0066 


F4Fi- 




RDI 


~"9 




82 


0068 


940F 




JP 


GENC0L2 


. r*«i—ii Ik iT'-^f* 

CUL L.0UNT-'-8 


b4 


006fl 


CI 02 




LD 


TEMPci'..Pl.^ 


. i~'fTT i^'i—il •"••""il Ik ITT 

.i bET LUL LUUNT 


85 


006 C 


F4F0 




RDI 


0F0 


HDD RDRb FuR CuLWRD LUNb 


86 


006E 






XPRL 


P2 




87 


006F 


C2FF 




LD 


-l«vP2> 


; LULWRD CONbT TO HLU 


88 


0071 


D105 




RND 


L.0LWR1<.P1.> 


IjENERRTE LOLWRDI 


89 


0073 


C905 




ST 


LULWR1'..P1.^ 


. r~l^i ir" k IfTI 1 •"••i—il 1 \TT»f'.A 

; SHVE NEW LULWRDl 


90 


0075 


C102 


C0L2RET 


: LD 


TEMP*i!<Pl.J 


; LD LOLMN LUUNT 


91 


0077 


90C4 




JMP 


SCNCHK 


.J bU TO SlRN LUMPLT CHK RTI 




0079 


CI 02 


GENC0L2 


: LD 


TEMPi^ PI > 


; bET LOL LUUNT 


S3 


007B 


02 




CCL 






94 


00 7C 


F4F0 




RDI 


0F0 


HDD HDRb FOR LULWRD LUNb 


95 


00 7E 


32 




XPRL 


P2 




96 


007F 


C2FF 




LD 


-1<P2> 


LULWRD LUNST TO HLU 


97 


0081 


D106 




RND 


C0LWR2<P1> 


; bENERHTE CuLWRDc:! 


3B 


008 J- 


C906 




ST 


CULNKd<.Pl.^ 


. i'~Cii. icr k icri 1 i""'i~ii 1 idr*i'"*« 
bHVE NEW LULWKDcl 


yy 


00oD 


90EE 




JMP 


LOL-iRET 




100 














101 


0087 


06 


FNSHSCr-4 


CSR 




.J XFR bENbER TU HLU 


102 


0088 


D410 




RNI 


010 


CHECK IF SENSE H PREbENT 


103 


008R 


9CFB 




JNZ 


FNSHSCN 


LOOP BRCK TO FINISH SCRN 


104 


008C 


C400 




LDI 


L< SEIKO 


.J UET SEIKO HDRb. 


105 


008E 


33 




XPRL 


P3 




106 


008F 


C402 




LDI 


H< SEIKO 




107 


0091 


37 




XPRH 


P3 




108 


0092 


C105 




LD 


C0LWR1<P1> 


.;GET COLWRDl 


109 


0094 


CB02 




ST 


CLK2<P3:) 


.;XFR COLWRDl TO PRINTER 



Figure 2C4-10 (Continued) 
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110 


0096 


0106 




LD 


00LWR2<P1> 


111 


0098 


OB01 




ST 


0LK1<P3> 


112 


009R 


R904 




ILD 


olkotr<:pi> 


113 


009C 


E40D 




XRI 


13 


114 


009E 


9808 




JZ 


DONE 


115 


00R0 


0400 




LDI 


0 


116 


00R2 


37 




XPRH 


P3 


117 


00fl3 


0415 




LDI 


015 


118 


00R5 


33 




XPRL 


P3 


119 


00R6 


93FF 




JMP 


<P3> 


120 


00R8 


04FF 


DONE : 


LDI 


0FF 


121 


00RR 


OB03: 




ST 


0LK3<P3> 


122 












123 






EXIT : 






124 












125 












126 




0000 




. =000 




127 












12S 


00C0 


43 


OOLl : 


. BVTE 






00C1 


49 










00C2 


31 










00C3 


55 










0004 


35 










00C5 


36 










00C6 


41 










0007 


4D 








129 


0008 


4B 




. BVTE 


' K -.. -E -.. -P- 




0009 


45 










00OR 


50 










00OB 


4E 








13:0 












131 




00D0 




. =0D0 




132 












133 


00D0 


2R 


00L2 : 


. BVTE 


'•#-.. •• + ^. 




00D1 


23 










00D2 


2B 










00D3 


2D 










00D4 


25 










00D5 


3D 










00D6 


36 










00D7 


37 








134 


00D8 


53 




. BVTE 


••'S'.. •• T^. : 




00D9 


54 










00DR 


3R 










00DB 


58 








135 












136 




00E0 




. =0E0 




137 












138 


00E0 


30 


00L4 : 


. BVTE 


•'0'-.. •'l-'.. -'2'.. 




00E1 


31 










00E2 


32 










00E3 


33 










00E4 


34 










00E5 


35 










00E6 


36 









; GET 00LWRD2 

.:XFR 00LWRD2 TO PRINTER 
INOREMENT OLK OOUNTER 
OHEOK OLK OTP = 13 * 



} OLR PRTR LRTOHES 
.:USER RETURN ROUTINE 

''5'.. "C."".. "R-.. 'M-' 



X- 



Figure 2C4-10 (Continued) 
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±13 



140 
141 
142 
142 



00E7 27 
00ES 28 
0eiE9 29 
00ER 2E 
00EB 2D 



144 



00F0 



00F0 FE 
00F1 FD 
00F2 FB 
00F2 F7 
00F4 EF 
00F5 DF 
00F6 BF 



7F 
FE 



00F7 
00FS 
00F'3 FD 
00FR FB 
00FB F7 
00FC EF 
00FD DF 
00FE BF 
00FF 7F 



145 
146 



CONST : 



BVTE •'8^. "9'.. ^ ^. 

=0F0 

BVTE 0FE.. 0FD.. 0FB.. 0F7.. 0EF.. 0DF.. 0BF.. 07F 



BVTE 0FE.. 0FD.. 0FB.. 0F7.. 0EF.. 0DF.. 0BF.. 07F 



0001 



END PRNT 



CLKl 


0001 


CLK2 


0002 




CLK2 
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CLKCTR 


0004 


COLl 


00C0 




C0L2 


00D0 


C:0L2RE 


0075 


C0L4 


00E0 




COLWRl 


0005 


C0LWR2 


0006 


COMPRl 


0054 




C0MPR2 


005F 


CONST 


00F0 * 


CONTPR 


0016 




CONTSC 


0024 


DONE 


00R8 


EXIT- 


00RC 




FNSHSC 


0087 


GENCOL 


0079 


PI 


0001 




P2 


0002 


P2 


0002 


PRINT 


0004 




PRNT 


0001 


RETCOM 


002D 


SCNCHK 


002D 




SEIKO 


0200 


TEMPI 


0001 


TEMP2 


0002 




TEST 


004D 



NO ERROR LINES 

SOURCE CHECKSUM=4E54 NS10572 



Figure 2C4-10 (Concluded) 
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APPENDIX A 



CLOCK CONSIDERATIONS FOR SC/MP 



GENERAL 



The on-chip oscillator and timing generator of SC/MP can 
be controlled by any one of the following three methods: 

• CAPACITOR — if timing is not a critical 
parameter 

• CRYSTAL — if more precise timing is required 

• EXTERNAL DRIVE - if application requires that 
SC/MP be synchronized with system clock 

CAPACITOR TIMING 

As shown in figure A-1 , the capacitor is connected between 
XI (pin 37) and X2 (pin 38) of the SC/MP chip. A non- 
polarized ceramic or silver mica capacitor with a working 



voltage that is equal to or greater than 25 volts is recom- 
mended. Lead length from the body of SC/MP to the body 
of the capacitor should not exceed 1.25 inches. When a 
capacitor is used, the frequency varies according to the 
capacitance as shown in figure A-2. 

CRYSTAL TIMING 

When a crystal is used, the on-chip oscillator of SC/MP 
operates at the resonant frequency of the crystal. Pin con- 
nections and lead lengths for a crystal are identical to those 
for a capacitor; however, as shown in figure A-1 , a capacitor 
may be required to suppress crystal harmonics. The crystal 
should be hermetically sealed (HC type can) and should 
meet the following electrical specifications. 
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Figure A-1. Connecting Capacitor or Crystal to SC/MP 
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Figure A-2. Oscillator Frequency versus Capacitance 
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• Resonant frequency > 900 kHz 

<1 MHz 

• Series resistance at resonance < 600-ohms 

• Load capacitance at resonance 20-to-30 pf 

Suitable crystals can be obtained from several manufac- 
turers; four such manufacturers are listed below. 

• X-Tron Electronics, Hayward, California 

• M-Tron Industries, Yankton, South Dakota 

• Crystek Crystal Co., Ft. Myers, Florida 

• JAN Crystals, Ft. Myers, Florida 



USING AN EXTERNAL CLOCK 

SC/MP can be synchronized with an external clock simply 
by connecting appropriate drive circuits to the XI /X2 
inputs. A recommended method of implementing the 
external-clock circuit is shown in figure A-3a; the true and 
complemented "ideaUzed" waveforms are shown in figure 
A-3b. Alternate methods of generating the XI /X2 input 
signals are shown in figure A-4. 




Figure A-3. Using External Clock for SC/MP Timing 
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Figure A-4. Alternate Methods of Generating External Clock Signals 
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APPENDIX B 

ADDRESS ASSIGNMENTS AND DECODING METHODS 



INTRODUCTION 



Nondecoded Peripheral Addressing 



The addresses for memory and peripheral devices can be 
assigned and decoded in a number of different ways; some 
address assignments and decoding methods are shown and 
described in the sections that follow. 



As previously indicated, 16 address lines (AD 00 through 
AD 15) are available; 12 of these Unes (AD 00 through 
AD 11) are internally latched on the SC/MP chip; whereas 
the other 4 lines (AD 12 through AD 15) are output (at 



c 

M 



NOTES 

1 . To eliminate buffering of addren 
line*, low power or low-power 
Schottky TTL gate* are uiad. 

2. CST, CS2 and SEL are active-low 
signals. Refer to truth table below. 
The tri-state output disable (OO) 
signal must be low to enable output. 
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DEVICE SELECT 
TRUTH TABLE 
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Figure B-1. Using External Logic and Spare Address Lines to Select RAM/PROM Memory 
or Input/Output Peripherals 



Bl 



NADS time) on the 8-bit input/output bus. Most appli- 
cations do not require all 16 address lines for memory. 
For example, consider the system shown in figure B-1 con- 
sisting of 512-by-8 words of PROM, 256-by-8 words of 
RAM, a read device, and a write device. Nine address lines 
(AD 00-AD 08) are required to discretely identify each of 
the 512 bytes of PROM and only 8 lines (AD 00-AD 07) 
are required for RAM; thus, the 3 remaining address bits 
(AD 09/ AD 10/ AD 1 1) are free and can be used for device 
selection. The 'device select truth table' shows how this 
can be done. 

READ FROM RAM : 

LDI 



XPAH 
LDI 
XPAL 
LD 



02 



2 

05 
2 

(2) 



When power is applied and SC/MP is initialized, all the 
address bits are low (set to '0') and PROM is selected; 
thus, program execution begins at PROM address X'OOOl. 
Observe that with AD 09 set to '0', RAM is not selected 
because CS2 is high and neither the read nor the write de- 
vices can be selected because both SEL signals are high. 
For an appHcation example, suppose the PROM program 
requires access to RAM, to tfie read device, and to the 
write device; the following series of instructions shows 
one way to implement the read and write functions. 



;WHEN TRANSFERRED TO HIGH POINTER BY 
NEXT INSTRUCTION, TURNS ON BIT 9 TO 
SELECT RAM 
SET BIT 9 OF POINTER 2 

LOAD RAM ADDRESS 5 INTO ACCUMULATOR 
PUT RAM ADDRESS IN LOW POINTER 2 
LOAD DATA FROM RAM ADDRESS SPECIFIED IN 
POINTER 2 



WRITE INTO RAM: 



DATA: 



LDI 



XPAH 
LDI 

XPAL 

LD 

ST 

.BYTE 



02 



2 

X'10 
2 

DATA 
(2) 

X'lF 



WHEN TRANSFERRED TO HIGH POINTER BY 

NEXT INSTRUCTION, TURNS ON BIT 9 TO 

SELECT RAM 

SET BIT 9 OF POINTER 2 

LOAD RAM ADDRESS (DECIMAL 16) INTO 

ACCUMULATOR 

PUT RAM ADDRESS IN LOW POINTER 2 

LOAD DATA TO BE STORED 

STORE DATA IN RAM ADDRESS SPECIFIED BY 

POINTER 2 

DATA TO BE STORED 



READ FROM "READ DEVICE": 



LDI 



XPAH 
LD 



04 



1 

(1) 



;WHEN TRANSFERRED TO HIGH POINTER BY NEXT 
INSTRUCTION, TURNS ON BIT 10 TO SELECT 
"READ DEVICE" 
SET BIT 10 OF POINTER 1 

READ DATA FROM DEVICE (NOTE: LOW POINTER 1 
IS NOT REQUIRED FOR THIS OPERATION) 
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WRITE INTO "WRITE DEVICE": 



DATA: 



LDI 



XPAH 

LD 

ST 

.BYTE 



08 



1 



DATA 
(1) 

X'AA 



;WHEN TRANSFERRED TO HIGH POINTER BY NEXT 
INSTRUCTION, TURNS ON BIT 1 1 TO SELECT 
"WRITE DEVICE" 
;SETBIT 11 OF POINTER 1 
LOAD DATA TO BE WRITTEN 
;WRITE DATA 
DATA TO BE WRITTEN 



READ AND/OR WRITE : 
LDI 



XPAH 

LD 

ST 



OC 



1 

(1) 
(1) 



WHEN TRANSFERRED TO HIGH POINTER BY 

NEXT INSTRUCTION, TURNS ON BITS 10 & 1 1 

TO SELECT READ AND WRITE DEVICE 

SET BITS 10 & 11 OF PTR 1 

READ DATA FROM READ DEVICE 

;WRITE DATA THAT WAS PREVIOUSLY READ 



Observe that the read and write peripherals must be strobed 
by NRDS or NWDS; otherwise, the selected peripheral 
would input or output data as soon as the address is valid, 
and, at the same time, SC/MP would output address and 
status information. By strobing the chip selects, reading or 
writing of data is delayed until the "address" and "status" 
outputs from SC/MP are completed. Strobes are not re- 
quired in the address logic of the RAM or PROM since the 
on-chip output-enable (OD) signal provides this function. 

Decoded Addressing of Peripherals 

In many appUcations, the addressing requirements of the 
system exceed those shown in figure B-1. For these sys- 
tems, discrete selection logic is expensive, cumbersome, 
and complicates the software; thus, some form of address 
decoding is preferred. Figure B-2 shows one way of imple- 
menting a simple decoding scheme. Here, address bits 10 
and 11 are decoded by one half of the 74LS155 to yield 
four output select signals; address bit 9 is used to select 
RAM or PROM. In figure B-2, all chip selects are strobed 
via the decoder; thus, access time of the memory chip is an 



important consideration. If the access time is greater than 
the strobe width, bipolar memories can be used or the 
RAM/PROM devices can be selected as shown in figure 
B-1 -via the external logic and the latched address lines. 

In figures B-1 and B-2, three latched address lines are 
always available since memory is arbitrarily restricted to 
512 bytes. Some applications require 4K of memory (or 
more) and, in this case, there are no spare address lines for 
device selection; figure B-3 shows how address bits 12-15 
can be used to implement a system of this type. The 4 ad- 
dress bits (AD 12-AD 15) are output on the data bus at 
"address/status time," and the leading edge of the address 
strobe (NADS) latches these bits into the DM85L51 chip. 
The binary address code then is inputted to the 4-by-16 
decoder, which selects 1 of 16 peripheral input/output de- 
vices in accordance with the decoding select logic. In figure 
B-3, the 16 peripherals can be any combination of read, 
write, and read/write devices whose input/output charac- 
teristics are compatible with SC/MP. Observe that the de- 
coder is strobed; thus, access time of all peripherals 
must be less than the strobe widths— refer to figure 1-4 for 
timing parameters. 
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NOTES: 

1. To eliminate buffering and/or 
minimize loading, low power on 
low-power Schottky TTL gates 
are used. 

2. If strobe widths are not wide enough 
for access time relative to chip select, 
use RAM/PROM select circuits shown 
in Figure B-1. 

3. CST. CS2, SELA, SEL"B, and SETC 
are active-low signals; refer to truth 
table below. The tri-state output disable 
(OD) signal must be low to enable output. 
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Figure B-2. Using 2-by-4 Decoder to Select Memory and Input/Output Peripherals 
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NOTES: 

1. To eliminate buffering and/or minimize loading, 
low power or low-power Schottky devices are 
used. 

2. The address bus is connected to memory per- 
ipherals as required; for example if peripheral 
:rl is a 4K PROM, all 12 latched address lines 
are used - if peripheral ^2 is a 512-word RAM, 
only 9 address lines are used, and so on. 

3. SEL 1 through SEL 16 are active-low signals; refer 
to truth table below: 
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Figure B-3. Using Address Bits 12-15 and 4- by-16 Decoder to Select Any One of 16 Input/Output Peripherals 
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Figure B-4 shows how address decodes can be enabled via 
the write strobe (NWDS) and the read strobe (NRDS). 
Two decoders are used— one to generate eight write strobes 
and the other to generate eight read strobes. In systems that 
require multiple read/write peripherals, this decoding 
method is simple, easy to implement, and relatively inex- 
pensive. 

Another method of address decoding is shown in figure 
B-5. Here, each peripheral is selected by a 6-bit unified-bus 
comparator, and since the comparators have on-chip latches 
and are low-power devices (typically, a 15-microampere 
load), they are well suited to applications where physical 
space and low-power consumption are prime considera- 
tions. The selection code for each peripheral is designated 
by the user and is hardwired at pins 2, 4, 6, 10, 12, and 14 
of the comparator; when the output address of SC/MP 



agrees with the preset code (Tl = Bl, T2 = B2, and so on), 
the device is selected. For example, with the select codes 
shown, PROM is selected when power is applied and the 
system is initiaUzed; thus, any program beginning at address 
X'OOOl in PROM will be executed. To select RAM, the 
preset code can be altered as shown by changing T6' 
(AD 15) from a toa'l.' 

If a 4K memory is used in figure B-5, address lines AD 10 
and AD 11 are unavailable for device selection; thus, these 
pins (Bl and B2) and their preset counterparts (Tl and T2) 
can be grounded or connected to +5V-whichever is most 
convenient. Observe that each peripheral device (whether 
read or write) is strobed by both NRDS and NWDS; this is 
necessary because the outputs are latched and must be 
cleared at the beginning of each input/output cycle. 
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Figure B-4. Using Read/Write Strobes to Implement Address Decodes 



NOTES: 

1. To minimize loading, and reduce 
buffering requirements, low power 
or low-power Schottky devices 
are used. 

2. Connect address bus to memory 
peripherials as required — AD 00- 
AD 08 to PROM, AD 00-AD 08 
to RAM, and so on. 

3. Address bits 12-15 must be 
externally latched - see Fig. B-3. 
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Figure B-5. Using 6-Bit Bus Comparators to Select Peripherals 



APPENDIX C 



SC/MP INTERRUPT SYSTEM 



SINGLE-LEVEL INTERRUPTS 

The interrupt system of SC/MP is supervised as shown in 
figure C-L Before an instruction is fetched, bit 3 of the 
Status Register is tested. If the bit is a logic '0' (interrupt 
enable flag not set) and the CONTinue input is high (a logic 
'1'), the Program Counter is incremented and the next in- 
struction is fetched and executed. If bit 3 of the Status 
Register is set to a logic 'V and the Sense A input is high, 
the interrupt is serviced; the interrupt enable flag (bit 3 of 
the Status Register) is reset and the contents of the Pro- 
gram Counter are exchanged with the contents of Pointer 
Register 3 - the pointer contains the address of the subrou- 
tine that services the interrupt. 

In summary. Pointer Register 3 must be initiahzed with the 
address of the interrupt service routine, and then to arm the 
interrupt system, the interrupt enable flag (bit 3 of the 
Status Register) must be set to a logic '\' . For example, to 
enable the interrupt system at some point in the main 
program with the interrupt service routine residing at 
location X'1020, the following series of instructions could 
be implemented. 

Main Program 



LDI 



XPAL 
LDI 



XPAH 
lEN 



X'20 



P3 

X'10 



LOAD ACCUMULATOR WITH LOW- 
ORDER BYTE (X'20) OF INTERRUPT 
SERVICE ROUTINE ADDRESS 

PUT LOW-ORDER BYTE IN P3L 
LOAD ACCUMULATOR WITH HIGH- 
ORDER BYTE (X'10) OF INTERRUPT 
SERVICE ROUTINE ADDRESS 




INTERRUPT 



RESET INTERRUPT 
ENABLE FLAG 
EXECUTE XPPC 3 




INCREMENT PROGRAM 
COUNTER, FETCH AND 
EXECUTE INSTRUCTION 
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P3 ; PUT HIGH-ORDER BYTE IN P3H 

; ENABLE INTERRUPTS (SET BIT 3 
; OF STATUS REGISTER TO LOGIC '1') 



Figure C-1. SC/MP Interrupt/Instruction Fetch Process 
MULTI-LEVEL INTERRUPTS 

A system with more than one interrupt level can be easily 
implemented by interfacing a priority encoder to SC/MP. 
In such systems, the interrupt service routine for each inter- 
rupting device should be carefully w^ritten to avoid comph- 
cated software conflicts; this is particularly true in saving 
the "current'' status of the machine when the interrupt 
occurs. The "saving-of-status" can be quite comphcated, 
especially in a nested prioritized interrupt system; in this 
case, the higher priority interrupt level can interrupt the 
service routine of the lower priority interrupt. Since 
^'nested" interrupt routines are a function of the user's soft- 
ware, implementation techniques are not described in this 
document. 



Continue Main 
Program 



Figure C-2 shows one method of interfacing a priority en- 
coder to SC/MP. Each of the eight inputs (INT 0 through 
INT 7) should come from a latched output which is reset 
by SC/MP during execution of the interrupt service routine. 
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Figure C-2. Using SC/MP and a Priority Encoder to Implement a Multilevel Interrupt System 



The encoder "ORs" the interrupt inputs and, if any one is 
"active-low," the Sense A (interrupt mode) Une of SC/MP is 
raised to a logic '\' via the EO output line (pin 15). If two 
or more inputs request interrupt service at the same time, 
they are assigned the service on a prioritized basis — INT 7 
being the highest priority interrupt and INT 0 being the 
lowest. The AO, Al, and A2 outputs of the encoder are a 
3-bit binary code that corresponds to the highest priority 
interrupt; this code forms the least significant bits of the 
interrupt data word (0010 OXXX) and is input to SC/MP 
via the TRI-STATE buffer. The output of the buffer pro- 
vides the upper 8-bits of the 16-bit address required for 
each interrupt service routine. As shown in figure C-2, the 
highest priority interrupt (INT 7) is arbitrarily assigned an 
address of X'2000; the next highest priority (INT 6) - an 
address of X'2100; (INT 5) - an address of X'2200; and so 
on for the remaining interrupt levels. The output data word 
for each interrupt level is shown below. 
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Memory allocations for the eight interrupt service routines 
(INT 0-INT 7) are also shown in figure C-2. These alloca- 
tions include the interrupt start routine, the interrupt return 
routine, and temporary storage for status information. The 
addresses are chosen such that these locations fall within 
the same page boundary — this arrangement permits the use 
of PC-relative addressing for the start/return routines. 

The interrupt start routine is written to save the status of 
the machine (Accumulator, Program Counter, Pointer Reg- 
isters, and so on) and to direct the program to the interrupt 
service routine of the highest priority interrupt. To transfer 
control to the service routine, the program clears the lower 
half of a pointer register — in the example shown. Pointer 
Register P2. The program then reads in the address data 
word (0010 OXXX) of the highest priority interrupt; this 
information is transferred to the upper half of a pointer reg- 
ister, which provides a 16-bit address of the required inter- 
rupt service routine. At this point, the Program Counter 
and Pointer Register are exchanged and the interrupt ser- 
vice routine is executed. As shown in figure C2, each inter- 
rupt must go through the start routine to execute the fore- 



going steps. (Note: Once an interrupt is recognized, all 
pending interrupts- even those with higher priority - must 
wait for service. 

Interrupt service routines 0 through 7 contain a program to 
service the particular interrupting device. Typically, these 
programs perform input/output transfer of data, exercise 
electrical/mechanical control of peripherals, furnish timing 
synchronization, and/or other relevant functions. The flow- 
chart and program hsting (figure C-3) is a flexible and general- 
purpose scheme that represents one of many ways to im- 
plement a multilevel interrupt system using SC/MP. For 
example, the interrupt service routines can be started at 
locations other than X'2000 by simply rearranging the in- 
puts to the TRI-STATE buffer in figure C-2. Also, the service 
routines need not be 256 words in length; the number of 
words can be altered by rearranging the buffer inputs and 
by loading the lower half of the pointer instead of the 
upper half 

Upon completion of the interrupt service routine, all inter- 
rupts must go through the interrupt return routine. This 
routine essentially restores the status of machine as it was 
before the interrupt was recognized. The interrupt enable 
flag (bit 3 of the Status Register) is set to service interrupts 
that are still pending. The interrupt start and return routines 
could be changed to save more or less status than shown. 
Also, some of the status words can be changed; these 
changes depend largely on what is done during the interrupt 
service routine. 

In the preceding example of multiple interrupts, it should 
be noted that P3 is used in a unique manner. Pointer Regis- 
ter P3 is used as the interrupt service pointer and is loaded 
with X'OFIB. Referring to the memory map the ROM/RAM 
boundary was chosen to be X'OFOO which is close to the 
pointer register value. When the Pointer Register is ex- 
changed with the Program Counter due to an interrupt, the 
status is saved in RAM by use of PC-relative addressing. At 
the end of the service routine, the status is restored by use 
of PC-relative addressing. 

Due to the choice of the value for the Pointer Register when 
the main program is being executed, P3 may be used as a 
pointer for temporary (scratch pad) storage by the main 
program by the use of indexed addressing. The area avail- 
able for scratch pad in this example is the area between the 
end of the save area (X'0EF6) and -127 from the value in 
the Pointer Register (X'OFIB - 7F) or X'0E9C. Pointer Reg- 
ister 3 may also be used to access constants stored in ROM 
at the end of the interrupt start routine via the indexed 
addressing mode. The area available for constant storage is 
X'0F40 to X'0F9A (X'OFIB + 7F). 
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Figure C— 3. Flowchart and Program Listing for Multilevel Interrupt System 
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Figure C-3 (Continued) 
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Figure C-3 (Concluded) 



INTERRUPT RESPONSE TIME 

For both single-level and multilevel interrupts, the interrupt 
response time (IRT) is an important parameter. As shown 
in figure C-1, an interrupt can occur with the CONT input 
high and SC/MP running or with the CONT input low and 
SC/MP in the halt mode. The maximum interrupt response 
time for an operation when SC/MP is executing an instruc- 
tion of a main program is equal to the Maximum (worst 
case) Execution Time -f- Overhead. The execution time for 
instruction DAD requires 23 machine cycles (23 x 2T^), 
where T^^ is a clock cycle that is equal to 1 microsecond for 



a 1 -megahertz clock frequency. The overhead based on the 
microcodes equals 14Tj^ + 200 nanoseconds. The total max- 
imum interrupt response time equals 46Tx + (l^T^ + 200 
nanoseconds); this time does not include the "delay" in- 
struction because of its variable nature and does not include 
the "hold" operation. In general, the interrupt response 
time depends upon the instruction that is being executed. 
For a more precise interrupt response time, the system con- 
figuration can put SC/MP in the HALT mode by driving the 
CONTinue Une low and keeping the interrupts enabled. 
Now, when an interrupt occurs, the response time is guar- 
anteed to be 12Tx < Tjj. < (l^T^ + 200 nanoseconds). 
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APPENDIX D 
MATH ROUTINES 



The SC/MP instruction set (table 1-2) provides the following 'math' capabilities. The 
routines (tables D-1 through D-8) are allocated contiguously in memory; however, any one 
of the routines can be used discretely by simply altering the end-of-routine 'jump (JMP) 
address' to agree with a particular applications program. For programming techniques and 
other software information, the user is referred to the 'SC/MP Assembly Language 
Programming Manual-order number ISP-85/994Y.' 
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TABLE D-1. DOUBLE ADD (DADD), DOUBLE NEGATE (DNEG), AND DOUBLE SUBTRACT (DSUB) 
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9407 


153 


1088 


03 


154 


1089 


C400 


155 


108B 


FR01 


156 


108D 


lR01 


157 


108F 


3F 


15S 


1090 


C2FE 


159 


1092 


940D 


16 Hi 


1094 


03 


161 


1095 


C400 


162 


1097 


FR01 


163 


1099 


CR01 


164 


109B 


C400 


165 


10 9D 


FR00 


166 


109F 


CR00 


167 


10H1 


35 


168 


10R2 


-i- r 


169 


10H3 


31 


170 


10R4 




171 


10R5 


3F 


172 


10R6 


90B9 


173 







$MPV3 



:rMPV4 : 



SCL 






LDI 


0 




CRD 


0 •• 2 .* 


; NFGRTE i'-.T OPEPRND 

.' 1 ^ 1— '.J III 1 — -X. 1 1 L_ 1 1 1 1 ^ L.- 


ST 


M ' . 2 •' 




LD 


1 2 .■• 




TP 


:iMPV3 




SCL 






LDI 


0 




CRD 


1 2 




ST 


1 < 2 f 




XPPC 




; Dm IIN'-. IGNED MNLTIPLV 


LD 




: rHEfk SIGN FLRG 

.' 1 1 L_ 1 •. _> X '.J 1 ^ • 1 L— 1 1 ■ J 


TP 


•if'IPV4 




SCL 






LDI 


|.T-| 








: NFfiATF PF'-.I li T 


ST 


1 2 




LDI 


0 




l~' Pi 
n L-' 






ST 


0 2 > 




XPRH 


1 


GET RETURN RDDR FROM 


XPRH 






XPRL 


1 




XPRL 






XPPC 




I RETURN 


JNP 


SNPV 





TABLE D-4. UNSIGNED DIVIDE 



PRGE UNSIGNED DIVIDE 
174 . LOCRL 

175 

176 I DIV UNSIGNED DIVIDE 

177 

178 DIVIDE R 16-BIT UNSIGNED NUI'IBER BV RN 8-BIT 

179 UNSIGNED NUI1BER. RESULT IS R 16-BIT QUOTIENT 

180 } RND RN 8-BIT RENRINDER. 

181 } 

182 .; EXECUTION TIME: RBOUT 5 TO 20 MILL I SEC. 
183 

184 .J CRLL: XPPC 3 

185 <ERROR RETURN> 

186 } <:normrl RETURN> 

187 ; 

188 STRCK USRGE: 

189 REL ENTRV USE RETURN 

190 

191 -5 TEMP 

192 -4 COUNT 
192 ; -3 REM'::H> 

194 -2 REN'::L> 

195 -1 DIVISOR<H> 

196 } <P2>-> 0 DIVISOR DIVIS0R'::L> RENRINDER 



D-5 



197 ; 
19S : 
199 ; 
2m 

201 lORy m DIV: 

202 10R9 C2m 
20j: lUHB 9CU3 

204 i0HD 3F 

205 10RE 90F3 

206 10B0 C409 iOl. 

207 10B2 CRFC 
20S 10B4 C200 

209 10B6 01 

210 10B7 40 *SET; 

211 10B8 9402 

212 10BR 9007 

213 10BC 02 

214 10BD 70 

215 10BE 01 

216 10BF RRFC 

217 10C1 90F4 
213 

219 1003 40 *SETUP 

220 10C4 CRFF 

221 10Cb C201 

222 10i::8 CRFD 

223 10CR C202 

224 lOCC CRFE 

225 10CE C400 

226 10D0 CR00 

227 10D2 CR01 
223 10D4 CR02 

229 i 

230 10D6 03 *L0UP: 

231 10D7 C2FE 

232 10D9 FR00 

233 10DB 01 

234 10Di:: C2FD 

235 10DE FRFF 

236 10E0 CRFB 

237 10E2 06 
233 10E3 E430 

239 10E5 941E 

240 10E7 BRFC 

241 10E9 9329 

242 10EB 02 

243 10Ei:: C202 

244 10EE F202 

245 10F0 r:R02 

246 10F2 0201 

247 10F4 F201 
243 10F6 C:R01 

249 10F3 02 

250 10F9 i::2FF 

251 10FB IF 





1 Di V idend<h:.' 


QIJOT I ENT •:. H > QUOT I ENT •:; H ::• 




2 DIVIDEND';;l::' 


QUOT I ENT •:: L .:• QUOT I ENT •:: L > 


NOP 






LD 


2 


CHECK FOR ZERO DIVISOR 


JNZ 






XPpr: 


2 


ERROR - RETURN 


J MP 


D I V 




LDI 


9 


COUNT = 9 


ST 






LD 


0 *: 2 ! ' 




XRE 






LDE 




NORMRLIZE THE DIVISOR 


JP 


+4 




J MP 


:i"SETUP 




CCL 




SHIFT LEFT 1 BIT 


RDE 






XRE 






ILD 


-4'::2> 


COUNT = COUNT + 1 


J MP 


:$SET 




LDE 






ST 


-i'-2> 


SRVE DIVISOR 


LD 


1 •:: 2 ::• 




ST 


-3'.2> 


L. LI P V [• I V I [•• E N 0 T U 


LD 


2 •:: 2 > 


INITIRL REMRINDER 


ST 


-2' '- 2 > 




LDI 


0 




ST 


0 2 


INITIRLIZE LON BVTE OF 


ST 


l'::2> 


RND RESULT TO ZERO 


ST 


2 2 




SCL 






LD 


-2':;2> 


SUBTRRCT : 


CRD 


0 2 y 


REMR I NDER-D I V I SOR 


XRE 






LD 


-3'::2> 




CRD 


-I'. 2 ;:• 




ST 


-5'::2::' 


SRVE TEMPORRRILV 


CSR 




CHECK CRRRV: 


XR I 


030 




JP 


iJDVGR 


JUMP IF RESULT >= 0 


DLD 


-4'::2::' 


COUNT = COUNT - 1 


JZ 


$DONE 


CHECK IF DONE 


CCL 




NO 


LD 


2 < 2 


DOUBLE LEFT SHIFT: 


RDD 


2 •:; 2 > 


RDD QUOTIENT TO ITS 


ST 


2 •:: 2 > 




LD 


i'::2:> 




RDD 


i'.:2::' 




ST 


1 '::2> 




CCL 






LD 


~1'::2> 


. SHIFT DIVISOR RIGHT 1 



RRL 



D-6 



252 


iHiFC 


CRFF 




ST 


--l'::2> 






C2m 




LO 


e<2^ 


254 


1100 


IF 




RRL 




255 


1101 


CR00 




ST 


0 2 .:• 


256 


1103 


90D1 




JNR 


*LUUR 


257 






.; 






25S 


1105 


C2FB 


iDVGR : 


LD 




259 


1107 


CRFD 




ST 


-2 2 


260 


1109 


01 




XRE 




261 


110H 


CRFE 




ST 


-2'- 2 > 


262 


1100 


RR02 




ILD 


2 * 2 > 


26j: 


110E 


9CC6 




JNZ 


*LUUP 


264 


1110 


RR01 




ILD 


l'::2::' 


265 


1112 


90C2 




JNR 


tLOOR 


266 






.; 






267 


1114 


C2FE 


t-DONE ; 


LD 


-2'::2::' 


268 


1116 


CR00 




ST 


0 •:: 2 ::• 


269 


1118 


0702 




LD 


»i«2': 2> 


270 


lllM 


SF 




XRRC 


2 


271 


lllB 


908E: 




JMP 


DIV 


272 












27j: 













T 



SRVE NEN REMRINDER 

FGLLUW I NG SUBTRRCT I ON 



INCREMENT QUOTIENT 

DONE: CORV FINRL REMRINDER 
INCREMENT P3 FOR NORMRL RETU 



274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
292 
294 
295 
296 
297 
298 
299 

300 

301 



PRGE 
LOCRL. 



TABLE D-5. BCD MULTIPLY- 

BCD MULT I PL V" 



BCDMPV : 



MULTIPLV 
RESULT I'l 



TNG 



6-DIGIT 
DIGITS 



BCD NUMBERS 



EXECUTION TIME: 6 TO 27 MILL I SEC. 



STRCK USRGE: 



•::i7 TVPICRL> 



•::P2::'-> 



REL 


ENTRV 


USE 


RETURN 


-10 




TEMP 




-9 




PRODUCT •::!> 




-8 




PRODUCT':: 2 > 




-7 




PRODUCT':: 3 ::• 




-6 




PRODUCT-:: 4 > 




-5 
-4 




PRODUCT':: 5 :> 
PRODUCT':: 6::' 




-3 




COUNT 




-2 




Ml '::!::• 




-1 




Ml':: 2:.' 




0 


mksign::- 


Ml'3> 




1 


Ml'::i> 


Ml':: 4::' 


PRODUCT I gn:^ 


2 


Nl'::2> 


Ml'::5> 


PRODUCT '::i::' 


3 


Ml-:: 3 ::• 


Ml':: 6::' 


PRODUCT •:: 2 ::• 


4 


M2'::SIGN::' 


proD'::sign:^ 


PRODUCT < 3::' 


5 


M2'::i> 


M2'::i:? 


PRODUCT < 4 :> 


6 


M2'::2:> 


M2'::2> 


PRODUCT <5 > 


7 


M2'::3> 


M2'::3::' 


PRODUCT < 6:? 



D-7 



304 




FFFE 


305 




0005 


306 




FFF7 


307 
30 S 
309 




FFFD 
FFF6 
FFFb 


310 






311 






312 


11 ID 


0 '3 


313 


lllE 


C200 


314 


1120 


02 


315 


1121 


F204 


316 


1123 


D401 


317 


1125 


CR04 


318 


1127 


C400 


319 


1129 


C:RF7 


320 


112B 


CRF8 


321 


112D 


CHF9 


Z*- 2 2 


112F 


CRFR 




1131 


CRFB 


324 


1133 


CRFC 


325 


1135 


CRFE 


326 


1137 


CRFF 


'^:27 


1139 


CR00 


~:2!-: 


113B 


C406 


329 


113D 


CRFD 


330 


113F 


C207 


331 


1141 


D40F 




1143 


982B 




1145 


CRF6 


334 


1147 


02 


335 


114S 


C203 


336 


114R 


ERFC 


_i! _<! I*' 


1140 


CRFC 


Tf ;Z{ 


114E 


C202 


339 


1150 


ERFB 


340 


1152 


CRFB 


341 


1154 


C201 


342 


1156 


ERFR 


343 


1158 


CRFR 


344 


115R 


C200 


345 


115C 


ERF9 


346 


115E 


CRF 9 


347 


1160 


C2FF 


348 


1162 


ERF8 


349 


1164 


CRF8 


250 


1166 


C2FE 


251 


1168 


ERF7 


252 


116R 


CRF7 


252 


li6C 


BRF6 


254 


116E 


9CD7 


255 


1170 


BRFD 


256 


1172 


9849 



I'll 

I '1 2 

PR 

rnuNT 

TEI'IP 
113 



BiJDMPV : 



tLOuP : 



^ LI : 



r-4EXTD : 







MULTIPLICRND ':.6 WORDS;:' 


— 


5 


I'lULTIPLIER '::3 WORDS > 






PRODUCT <€ WORDS > 


— 


~.- 


. DIGIT COUNT '::i WORD:- 


_ 


-10 


; SHIFT COUNT OR MULTIPLIER DI 


_ 


"10 


.i I'lULTIPLIER DIGIT 


NOP 






LD 


0 2 . • 


CRLCULRTE SIGN OF PRODUCT 


CCL 






RDD 


4 2 




RNI 


1 




ST 


4 •:: 2 > 


RND SRVE IT FOR LRTER 


LDI 


0 


INITIRLIZE PRODUCT 


ST 


PR':;2> 


; RND MULTIPLICRND EXTENSIO 


ST 


PR+1'::2> 




ST 


PR+2':: 2 > 




ST 


PR-+-3':: 2 > 




ST 


PR-+4'::2:.' 




ST 


PR +5';: 2 > 




ST 


iii'.:2> 




ST 


MH-1'::2> 




ST 


MH-2 •::2> 




LDI 


6 


DIGIT COUNT = 6 


ST 


C0UNT'::2::' 




LD 


M2+2'::2> 


.. LORD MULTIPLIER 


RNI 


0F 


USE LOWEST BCD DIGIT 


JZ 


NEXTD 


; IF ZERO THEN GO TO NEXT DIG! 


ST 


M3 '::2::' 




CCL 




; RDD f'lULTIPLICRND TO PRODUCT 


LD 


MH-5'::2::' 




DRD 


PR+5'::2> 




ST 


PR+5'::2> 




LD 


Ml+4'::2> 




DRD 


PR+4'::2> 




ST 


PR+4'::2> 




LD 


Ml-^3'::2> 




DRD 


PR+3'::2> 




ST 


PR+3 •::2> 




LD 


Ml+2'::2> 




DRD 


PR+2'::2> 




ST 


PR+2'::2::' 




LD 


Nl-»-l'::2> 




DRD 


PR+1'::2> 




ST 


PR-»-l'::2::' 




LD 


Ml<2> 




DRD 


PR'::2> 




ST 


PR«::2> 




DLD 


ri3'::2::' 


DECREMENT MULTIPLIER 


JNZ 


*L1 


RND RDD RGRIN IF NOT ZERO 


DLD 


C0LINT<2> 


5 DECREMENT DIGIT COUNT 


JZ 


^0\JJ 


QUIT IF DONE 



D-8 



357 


1174 


C4ti4 




LDl 


4 


358 


1.176 


ChF6 




ST 


TEI'IP • 2 


359 


1178 


I.J2 




OOL 




360 


1 179 


0263 




L..D 


I'll"*" 5':: 2.' 


361. 


1.17E'. 


F283 




RDD 


l'1i-*-5<2 > 


362 


117D 


CHti3 




ST 


^•1l-^5^; 2 > 


363 


117F 


f". 2. 0 '2 




LD 


[•ii+4 '.. 2;.' 




_L. _L ' .J_ 






HDD 


t'll"»-4 • 2 > 


365 


11.83 


•~ Rk"i2 




ST 


Ni-«-4 2 > 


366 


1185 


0201 




LD 


I'll. +3 •:!2> 


367 


1187 


F2Ul 




HDD 


I'll +3 ••.2> 


36S 


1189 


OROl 




ST 


I'll -I- 3 2 > 


369 


11.8B 


0200 




LD 




"7 Pi 




F -"'MM 




RDD 


M i -I- 2'. 2 > 


371 


118F 


OR00 




ST 


Ml+2': 2> 


372 


1191 


02FF 




LD 


Ml-»-l'::2 > 


373 


1193 


F2FF 




RDD 


Ml -Hi 2 > 


374 


1195 


CRFF 




ST 


Ml -Hi':: 2.' 


375 


1197 


C2FE 




LD 


r-ii •:: 2 


376 


1199 


F2FE 




RDD 


t'll •:: 2 > 


377 


119B 


CRFE 




ST 


Ml«:;2;> 


378 


119D 


BRF6 




DLD 


TEMP'::2::' 


379 


119F 


90D7 




JNZ 


*L2 


380 


llHl 


C2FD 




LD 


0uUNT«::2> 


381 


11R3 


D401 




RNI 


1 


382 


11h5 


•-•l-iPiR 




JZ 


^•L3 




•1 -1 Pit* 
J. _L n 1 








M2-I-2 . 2 > 


384 


11h9 


10 




SR 




385 


IIRR 


10 




SF: 




386 


IIRG 


•1 r 




SR 




387 


IIRC 


10: 




SR 




388 


IIRD 


OR07 




ST 


M2+2'::2::' 


389 


IIRF 


908E 




J MP 


^LGuP 


390 


llBl 


0206 


*L3 : 


LD 


M2+l'.2:.' 


391 


11B3. 


OR07 




ST 


M2+2«:;2> 


392 


11B5 


0205 




LD 


M2 < 2 ..' 


393 


11B7 


CR06 




ST 


M2+l<2> 


394 


11B9 


0207 




LD 


M2+2'::2> 


— ■ — ^ • 


X ^ d* 






J MP 


^LGOP 


396 


IIBD 


0204 


i^uUT : 


LD 


4 < 2 > 


397 


IIBF 


OR01 




ST 


1 •:; 2 .:• 


3'98 


llCl 


02F7 




LD 


PR'.:2> 


299 


11C3 


OR02 




ST 


2 <: 2 > 




11C5 


02FS 




LD 


PR+1'::2> 


401 


11C7 


CR03 




ST 


3 •:. 2 > 


402 


11C9 


C2F9 




LD 


PR+2<:2> 


403 


IICB 


CR04 




ST 


4 < 2 > 


404 


11 CD 


C2FR 




LD 


PR-f-3<:2> 


405 


IICF 


CR05 




ST 


5<2::' 


406 


llDl 


C2FB 




LD 


PR-^-4'::2> 


407 


11D3 


CR06 




ST 


6<:2> 


408 


11D5 


C2FC 




LD 


PR+5<:2::' 


409 


ilD7 


CR07 




ST 


7c:2> 


410 


11D9 


2F 




XPPC 


2 


411 


IIDR 


C411 




LDI 


h<;bcdmpv 



SHIFT MULTIPLIORND LEFT 
4 BITS ^l digit::- 



GET NEXT MULTIPLIER DIGIT 
.: IF OGUNT IS EVEN THEN USE NE 

OTHERWISE SHIFT LOW WGRD RIG 



OOPV SIGN TO OUTPUT 



RETURN 

JUMP TO BCDMPV 



D-9 



412 
413 
414 
415 
416 
417 



lie: 
lie: 
IIDF 
11 Em 



C41D 
21 

9 IFF 



XPRH 

LDI 

XPRL 

jr-ip 



1 

L «:: BCDMPV > 
:1. 

M •:: 1 :• 



• TABLE D-6. BCD ADD/SUBTRACT- 



418 
419 
420 
421 
422 
422 
424 
425 
426 
427 
42S 
429 
420 
421 
422 
422 
424 
425 
42b 
427 
428 
429 
440 
441 
442 
442 
444 
445 
446 
447 
448 
449 
450 
451 
452 
452 
454 
455 
456 
457 
458 
459 
460 
461 



PFlGE 
LUCRL. 



BCD RDD/SUBTPRCT 



0001 
0005 



liE2 C201 
11E4 9C08 



*UP1 
*|JP2 

BCDSUB 



11E6 



11E8 9C04 
llER C202 
llEC 9827 
llEE C200 
11F0 E401 
11F2 01 



^BSIJB 



BCD RDDITION RND SUBTRRCriON 

ERCH UPERRND IS 6 DIGIT MRGNITUDE PLU'i 

EXECUTION TIME: 620 TO lllO MICROSEC. 

BCDRDD: 0P2 = 0P2 + OPl 
BCDSUB: 0P2 = 0P2 - OPl 

OPl IS NOT RLTERED 

S I GN BVTE : 0=POS I T I VE.. i^NEGRT I VE 

CRLL : XPPC 2 

<:ovERFLOw return::- 

•INORI'IRL RETURN> 



SIGN 



STRCK USRGE: 

PEL ENTRV 



LD 

JNZ 

LD 

JNZ 

LD 

JZ 

LD 

XRI 

XRE 



RETURN 



0 OPl •:: sign::- 

1 OPl':;i::' 

2 0P1'::2.' 
2 0P1'::2> 

4 0P2'::SIGN> 

5 0P2'::i;:' 

6 OP 2 2 ;:• 

7 0P2<2> 



*0P1'::2> 

il^BSUB 

tOPl+l'::2::' 

:fBSUB 

*0Pi+2'::2> 

:|-OUT 

^:0P1-1'::2> 
01 



OPl •:: SIGN ::• 
OPl'::i::' 
0P1':;2::' 
OPl-:: 2;' 

RESULT •:: SIGN > 
RESULT •::i> 
RESULT-:: 2 > 
RESULT a: ::• 

FIRST OPERRND 
SECOND OPERRND 



CHECK FOR ZERO OPl. 
NOT ZERO. 

CHECK FOR ZERO OPl. 
NOT ZERO. 

CHECK FOR ZERO DPI. 
OPl IS ZERO RETURN. 
CHRNGE SIGN OF SUBTRRHEND 
THEN DO RDDITION 



D-10 



462 


11F3 


9003 




JMP 


*OHK 




4S1. 


11F5 


13200 


BCDRDD : 


LD 


*0P1-1'::2> 


OOMPRRE SIGNS 


464 


11F7 


01 




XRE 






465 


IIFS 


C204 


*OHK : 


LD 


*0P2-1'::2> 




466 


IIFR 


60 




XRE 






46? 


IIFB 


9C21 




JNZ 


*DIFF 


DIFFERENT SIGNS - JUMP 


46S 


IIFD 


02 


SRME : 


OOL 




SRME SIGNS - 


469 


IIFE 


0203 




LD 


*UPl+2'::2::' 


RDD MRGNITUDES 


470 


1200 


EH07 




DRD 


*0P2-^-2'::2::' 




471 


1202 


CR07 




ST 


^ruP2+2«::2::' 




472 


1204 


0202 




LD 


4:0Pi+i'.;2> 




47s 


1206 


ER06 




DRD 


:$0P2+1':;2;:' 




474 


1208 


i::R06 




ST 


:I0P2+1.::2> 




475 


120R 


C201 




LD 


*UP1 '::2::' 




476 


1200 


ER05 




DRD 


*UP2'::2:;' 




477 


120E 


CR05 




ST 


*0P2'::2::' 




478 


1210 


06 




OSR 




IS THERE RN END ORRRV? 


479 


1211 


D480 




RNI 


080 




480 


1213 


9002 




JNZ 


$UVFL 


.: VES - OVERFLON 


481 


1215 


0702 


'$OUT : 


LD 


if»2 3 > 


INOREt'lENT P3 BV 2 FOR NORMRL 


482 


1217 


3F 


$OVFL : 


XPPO 




RETURN 


483 














484 














485 






0P2Z : 








486 


1218 


0401 




LDI 


1 


SET 0P2 SIGN NEG. 


487 


121H 


OR04 




ST 


*UP2-1'::2::' 




488 


121C: 


90DF 




JMP 


SRME 


NGN RDD UPl TO UP2. 


489 














490 














491 














492 














493 














494 






; 








495 






*DIFF: 






. IF OPi IS NEGRTIVE THEN SET 


496 


121E 


40 




LDE 




TO GET UP2~UP1 = -OJP1~OP 


497 


121F 


9802 




JZ 


*2 


JUMP IF OPI':: sign:;- is ZERO 


498 


1221 


0401 




LDI 


1 




499 


1223 


r- Q lTi a 
n r_" "-f 


*2 : 


ST 


4UP2-1'::2> 


SIGN FLRG IS IN SIGN. 


500 


1225 


0205 




LD 


$UP2':: 2 


OHEOK IF 0P2 IS ZERO. 


501 


1227 


9008 




JNZ 


OK 


.: NO. 


502 


1229 


0206 




LD 


:iUP2+l •:: 2 ;.' 




503 


122E: 


9004 




JNZ 


OK 




504 


122D 


0207 




LD 


:*uP2h-2 <2> 




505 


122F 


98E7 




JZ 


UP2Z 


.. UP2 IS ZERO. 


506 


1231 


0605 


UK : 


Lr.' 


i^':i UP2 '::2 


SET P2 TO POINT TO 0P2 


507 


1233 


0412 




LDI 


H 'BODOMP 


OOMPLEMENT 0P2 


5y'r! 


1235 


35 




XPRH 


1 




509 


1236 


047D 




LDI 


L < BODOMP > 




510 


1238 


31 




XPRI.. 


1 




511 


1239 


02 




OOL 






512 


123R 


3D 




XPPO 


.1 




513 


123B 


06FB 




LD 


i^'--:$ nP2 2::' 


RESTORE P2 


514 


123D 


02 




OOL 




HDD i'lRGNITUDES 


515 


123E 


0203 




l_.D 


:^:uPl-h2 '.; 2 > 




516 


1240 


ER07 




DRD 


*0P2-*-2 •:: 2 > 





D-11 



51.7 


1242 


CRM" 




ST 


:i UP2 +-2 2 > 






519 


1244 


C2m2 




LD 


:* uP1 + :j •. 2 






519 


1246 


EM06 




[.'RD 


•* UP2 ^1. 2 . 






52M 


1243 


CR06 




ST 


:=ruP2 + l «: 2 .' 






521 


124R 


C201 




LD 


:*0P1 •:2> 






522 


124C 


ER05 , 




DRD 


$0P2 '::2> 






522 


124E 


CR05 




ST 


:^0P2': 2 > 






524 


1250 


06 




CSR 




; IS THERE RN END CRRRV? 


525 


1251 


D480 




RNI 


080 






526 


1252 


9C10 




Jf4Z 


*PLUS 


VES - SIGN IS POSITIVE 


527 


1255 


C605 




LD 


i?:* UP2-::2 > 


SET P2 TO RESULT 




52S 


1257 


C412 




LDI 


H'::BCDCI'iP 


; 10 S COI'IPLEMENT THE 


RESULT 


529 


1259 


25 




XPRH 


1 






520 


125H 


C47D 




LDI 


L BCDCMP 






521 


125C 


21 




XPRL 


1 






522 


125D 


02 




CCL 








522 


125E 


2D 




XPPC 


1 






524 


125F 


C6F& 




LD 


if»-4:np2':. 2 


i RESTORE P2 




525 


1261 


C401 




LDI 


1 


.. SIGN IS NEGRTIVE 




526 


1262 


9002 




J MP 


*RTN2 






527 


1265 


C400 


:*:PLUS : 


LDI 


0 


; SIGN IS POSITIVE 




528 


1267 


E204 


RTN2 : 


XUR 


:iOP2~l'::2> 


.; CHRNGE SIGN IF FLRG 


SET 


529 


1269 


CR04 




ST 


tOP2-l': 2::' 


SRVE CORRECTED SIGN 


OF RESUL 


540 


126B 


C205 




LD 


*uP2•::2> 


CHECK FOR ZERO. 




541 


126D 


9CR6 




JNZ 


tOUT 


RETURN 




542 


126F 


C206 




LD 


•|-UP2+1':;2::' 






542 


1271 


9CH2 




JNZ 


:IUUT 






544 


1272 


C207 




LD 


:|:uP2-»-2'::2> 






545 


1275 


9C9E 




JNZ 


tOUT 






54fc» 


1277 


C400 




LDI 


0 






547 


1279 


CR04 




ST 


*0P2-i'::2> 


.i ZERO SIGN. 




548 


1278 


9098 




jrip 


*OUT 







549 
550 
551 



-TABLE D-7. BCD COMPLEMENT- 



. PRGE BCD COMPLEMENT 
552 . LOCRL 

552 } 

554 BCDCMP: COMPLEMENT R 6-DIGIT BCD NUMBER. 

555 
556 
557 
558 
559 
560 
561 
562 

562 .: 

564 127D 08 BCDCMP: NOP 

565 127E C49R LDI 09R 

566 1280 01 XRE 



CRLL : XPPC 1 

P2 POINTS TO FIRST BVTE OF NUMBER TO BE COMPLEMENTED. 
USED BV BCD RDD/SUBTRRCT ONLV 



D-12 



567 1281 40 LDE 

568 1282 FR02 CRD 2«::2> 

569 1284 CR02 ST 2'::2> 

570 1286 02 CCL 

571 1287 40 LDE 

572 1288 FR01 CRD 1<:2:> 

573 128R CR01 ST i'::2> 

574 12SC 02 CCL 

575 128D 40 LDE 

576 128E FR00 CRD 0'::2::' 

577 1290 CR00 ST ^<2> 

578 1292 03 SCL 

579 1293 C400 LDI 0 

580 1295 ER02 DRD 2<2> 

581 1297 CR02 ST 2'::2> 

582 1299 C400 LDI 0 

583 129B ER01 DRD l'::2::' 

584 129D CR01 ST i'::2::' 

585 129F C400 LDI 0 

586 12R1 ER00 DRD '::2::' 

587 12R3 CR00 ST •::2;:' 

588 12R5 3D XPPC 1 

589 } 
590 



• TABLE D-8. BCD DIVIDE- 



591 
592 
593 
594 
595 
596 
597 
59S 
599 

600 

601 
602 
603 
604 
605 
606 
607 
60S 
609 
610 
611 
612 
613 
614 
615 
616 



PRGE BCD DIVIDE 
LOCRL 

BCDDIV: BCD DIVIDE 

OPERRNDS RRF 6 DIGITS PLUS SIGN 

EXECUTION TIME: 6 TO 127 MILL I SEC. 



;35 TVPICRL::' 



CRLL 



STRCK 



XPPC 3 
<ERROR return:;: 
<NORMRL RETURN> 



:: P2:'-> 



USRGE : 
REL 

"8 

.--7 



-3 

0 

± 



ENTRV 



US 



DivisoR«.:s ::• 
Di VISOR 

DI VISOR-:: 2::' 



RETURN 



TEMP 
COUNT 

p3':;h:;' srve 
p3'::l:.' srve 
quotient-:: sign :> 
quotient-::!:;- 
QU0TIENT';:2:;' 
quotient-;: 3 ::- 
divisoR';:sign::- 
D I V I SOP -;: 1 :.- 

DIVIS0R-::2::- 



013 



617 










3 DIV 


618 






; '::P2.. EXIT> 


-:> 4 DIV 


619 










5 DIV 


620 






.: 




6 DIV 


621 










7 DIV 


622 






.; 






623 




FFF8 


iTTEMP 


= 


-8 


624 




FFF9 


*CNT 


= 


-? 


625 




FFFR 


*P3 


= 


-6 


626 




FFFD 


*Q 


= 


-3 


627 




0001 


t-Dl 


= 


1 


628 




0005 


:*-.D2 


= 


5 


629 












620 


12R6 


08 


BCDDIV: 


NOP 




631 


12H7 


C201 




LD 


*D1 •::2::' 


632 


12R9 


9i::0B 




JNZ 


$C± 


633 


12HB 


C202 




LD 


*Di+i'::2::' 


634 


12RD 


9C07 




JNZ 




635 


12HF 


C203 




LD 


:*^Dl-»-2':: 2::' 


636 


12B1 


9C03 




JNZ 


*i::l 


637 


12B3 


3F 




XPPC 


3 


638 


12B4 


90F0 




JMP 


Bi::C:'D I V 


639 


12B6 


37 


*Ci : 


XPRH 


3 


640 


12B7 


CRFR 




ST 




641 


12B9 


33 




XPRL 


2 


642 


12BH 


CRFB 




ST 


$ Fs+l •:: 2 > 


643 


1280 


C40i 




LDI 


1 


644 


12BE 


CRF9 




ST 


*CNT'::2::' 


645 


1200 


0200 




LD 


0 •:: 2 > 


646 


1202 


E204 




XOR 


4 ■;: 2 > 


647 


1204 


CRFC 




ST 


-4':'2;:' 


648 


12C6 


C201 


*SET : 


LD 


*Di'::2::' 


649 


1208 


D4FM 




RN I 


0F0 


650 


12CR 


9C1F 




JNZ 


4SETUP 


651 


12CC 


C404 




LDI 


4 


652 


12i::E 


i::RF8 




ST 


:*TEI'iP'::2::' 


653 


12D0 


02 


■t-SLl : 


CCL 




654 


12D1 


C203 




LD 


:=rDl + 2 '::2::' 


655 


12D3 


F203 




HDD 


*Dl+2 '.:2;:' 


656 


12D5 


CR03 




ST 


:*T:'l + 2'::2> 


657 


12D7 


C202 




LD 


^Dl + K 2 > 


658 


12C:'9 


F202 




HDD 


*Di + l '.. 2 ..' 


659 


12DB 


i::R02 




ST 


*D1. + 1 • ■ 2 :.' 


660 


12DD 


C20i 




LD 


■i-Di '.:2 :■ 


661 


12DF 


F20i 




Hi::'D 


JTDl •:: 2 


662 


12E1 


r.R0i 




ST 


^•Dl •:: 2 


663 


12E3 


BRF8 




DLr:' 


^TENP'" 2 


664 


12E5 


9CE9 




JNZ 


*SL1 


665 


12E7 


RRF9 




ILD 


^an < 2 


666 


12E9 


90DB 




JMP 


::|::SE'l 


667 


12EB 


C40M 


*SETI.IP 


ldt 




66-8 


12ED 


CRFD 




ST 


* Q 2 


669 


12EF 


CRFE 




ST 


:^ Q + j. • : 2 


670 


12Fi 


CRFF 




ST 


1* U+2':: 2 > 


671 


12F3 


CRmm 




T 


0 : 2 



DIVIS0R<3::' 



.> QUOTIENT 
DIVISOR 

DIVIDEND ■:: QUOTIENT UPON RETU 



.: CHECK FOR ZERO DIVISOR 



.: ERROR - RETURN 
SRVE P3 

COUNT = 1 
GET SIGN. 

CHECK IF THE SRHE. 
SRVE SIGN. 
I NORI'IRLIZE THE DIVISOR 

CHECK FOR ZERO HIGH DIGIT 
NOT ZERO - NORI'IRL I ZRT I ON 



shift divisor left 1 bit 
';:done 4 times:.' 



.. COUNT = COUNT + 1 
QUOTIENT ^- 0 

.. ZERO SIGNS. 



D-14 



G72 


12F5 


CH04 




ST 


4'::2::' 






€72 
€74 


12F7 


9002 




JMP 


:*SLIB 


STRRT WITH SUBTRRCTIuN 




675 






.; 


INCREMENT CfUuTIENT - 


ILD MRV BE USED SINCE THERE 




676 








NILL 


NEVER BE R CRRRV 


FROM 1 DIGIT TO THE NEXT 




677 


12F9 


RRFF 


*INCQ : 


ILD 


*Q-i-2 '.: 2 > 


INCREMENT QUOTIENT •::BCD> 




678 


12FB 


C411 


*SUB : 


LDI 


H'.;bcdsub> 


; CRLL BCDSUB 




679 


12FD 


37 




XPRH 


3 


; TO DO SUBTRRCTION 




680 


12FE 


C4E1 




LDI 


L-;: BCDSUB -i 


ai'IVIDEND-DIVISOR:.' 




681 


1300 


33 




XPRL 


2 






682 


1301 


3F 




XPPr: 


2 






€32 


1302 


CJl7^LT^lT^ 
.-^ hJ rJ h-i 




JMP 


ONrj 






684 


1304 


C204 


om : 


LD 


^•D2--i':: 2 > 


.: IS RESULT POSITIVE? 




6 £.'5 


1306 


98F1 




.JZ 


$■ I NC: C! 


VES - INCREMENT QUOTIENT 


686 


1308 


C41i 




LDI 


H-:: BCDRDD ..' 


} NO - RDD DIVISOR BRCK 


TO 


687 


130FI 


37 




XPRH 








688 


130B 


C4F4 




L. r - T 


L ■.: BCDRDD..' -x 






689 


130D 


33 




XPRL 


3 






690 


130E 


3F 




XPPC 


3 






691 


130F 


9000 




JMP 


CiN 






692 


1311 


E:hF9 


OH . 


[::'LD 


^:CNT '.: 2 ;.' 


COUNT = COUNT - 1 




695 


1313 


9820 




.JZ 


^DONE 


IF COUNT-0 THEN DIVISION 


IS 


694 


1315 


C404 




LDT 


4 






695 


1317 


ChF8 




8T 


^ TEr-iP 2 .' 






696 


1319 


C201 




Lr..' 


*Di'::2:.' 


. DIVIDE DIVISOR BV lO 




697 


131B 


02 




C C L 




•::SHIFT RIGHT 4 BITS:.' 




698 


131C 


IF 




PPI... 








699 


131D 


CH01 




ST 


:*-Di'.: 2 






700 


131F 


C202 




LD 


:$-Dl-i 1 '.. 2 :.' 






701 


1321 


IF 




RPI. 








702 


1322 


CRM 2 




SI" 


*Dl+i < 2 > 






703 


1324 


C203 




LC- 


*Dl-+ 2 ':;2 






704 


1326 


IF 




RRL 








705 


1327 


CR03 




ST 


AD:i.+2 2 






706 


1329 


02 




CCL 




I'iULTIPLV QUOTIENT BV iO 




707 


132R 


C2FF 




LD 


*Q+2'- 2> 


} -iSHIFT LEFT 4 BITS> 




708 


132C 


F2FF 




RDr- 


;^:•Q-^•2 2 > 






709 


132E 


CRFF 




ST 


i-Q+2'. 2 






710 


1330 


C2FE 




LO 


ii Q+K 2 > 






711 


1332 


F2FE 




RDD 


*C!-^•l•:: 2 > 






712 


:1 334 


CRFE 




ST 


4;-Q+i 2 






712 


1336 


r:2FD 




LD 


:ii:;Q'::2::' 






714 


1338 


F2FD 




RDD 


:*-Q'.:2::' 






715 


133H 


CRFD 




ST 


it-Q'::2> 






716 


133C 


BRF8 




DLD 


*TEMP '::2> 






717 


133E 


9i::D9 




JNZ 


:*-SL2 






718 


1340 


90B9 




JMP 


tSUB 






719 






.; 










720 


1342 


C2FC 


^OONE : 


LD 


^Q-± .::2:;' 


.: copy QUOTIENT TO 




721 


1344 


CH04 




ST 


4iD2-l •::2:.' 


RETURN LOCRTIONS 




722 


1346 


C2FD 




LD 


i-Q':; 2 > 






723 


1348 


CH05 




ST 


*D2';:2;:' 






724 


134H 


C2FE 




LD 


*Q+1'::2> 






725 


134C 


CR06 




ST 


:*;D2+1'::2> 






726 


134E 


C2FF 




LD 


:|:Q+2'::2::' 







D-15 



727 


1350 


CH07 




ST 


:J-D2-»-2 2 > 




728 


1352 


C2FR 




LO 


*P3 2 > 


RESTORE P3 TO ORIGINRL VRLUE 


729 


1354 


37 




XPRH 






720 


1355 


C2FB 




LD 


•■fP3+l'. 2 




72.1 


1357 


23 




XPRL 


2 




732 


1358 


C702 




LD 




J INrPFMFNT P"; BV FfiP NnPI'IRL 


733 


i35R 


C604 




LD 


Id 4 1;: 2 


i TNfPFMFNT P-' Tfi PRINT Tfi Ol In 


734 


1350 


3F 


*UUT : 


XPPC 


2 


J RETURN 


735 


135D 


C412 




LD.T 


H'::BCDDI V > 




736 


135F 


35 






± 




737 


1360 


i::4h6 




LDI 


L'::bcddi V 




738 


1362 


31 




XPRL 


1 




739 


1363 


91FF 




J MP 


0 < 1 


; Gm Tn Br DDI'"' 


740 














741 


1365 


C2FR 




LD 


*P3«- 2> 


; mVERFLmN in E.T.DRDD mR Br:D'-.l IB 


742 


1367 


37 




XPRH 


-•: 


i PF'-.TRPF P'i hnd PFTI IPN 


743 


1368 


i::2FE: 




LD 


:*-P3+i'.: 2 .:• 




744 


136H 


33 




XPRL 


3 




745 


136B 


90EF 




JMP 


$UUT 




746 














747 














748 














749 




0000 




END 







MEMORY ASSIGNMENTS 



BCDRDD 


11F5 


BCDCMP 


127D 


BCDDIV 


12R6 


BCDMPV 


lllD 


BCDSUB 


11E2 


COUNT 


FFFD 


DRDD 


1000 


DIV 


10RS 


DNEG 


1013 


DSUB 


1024 


Ml 


FFFE 


M2 


0005 


M3 


FFF6 


MPV 


1037 


NEXTD 


1170 


NO 


105D 


NORDD 


1040 


OK 


1231 


or^ 


1311 


ONtJ 


1304 


0P2Z 


1218 


PR 


FFF7 


SRME 


IIFD 


SMPV 


1061 


TEMP 


FFF6 


$2 


1223 


ii^^BSUB 


llEE 


I^Cl 


12B6 




11F8 


*CNT 


FFF9 


^•Dl 


10B0 


$D1 


0001 


^D2 


0005 


^DIFF 


121E 


tDONE 


1114 


tDONE 


1342 


fDVGR 


1105 


*^ERR 


1365 


*INCQ 


12F9 


^Ll 


1147 


.^L2 


1178 


:fL3 


llBl 


$^loop 


1043 


iTLOOP 


10D6 


*LOOP 


113F 


i^MPV 


1077 


:|:MPV2 


1084 


*MPV3 


108F 


^MPV4 


10R1 


*0P1 


0001 


:rOP2 


0005 


•tOUT 


IIBD 


tOUT 


1215 


*OUT 


135C 


J^OVFL 


1217 


.|:P3 


FFFR 


:$:PLUS 


1265 


$0 


FFFD 


.rRTN2 


1267 


.rSRME 


1075 


tSET 


10B7 


*SET 


12C6 


*SETU 


10C3 


tSETU 


1 2FR 


■rSLl 


12D0 


tSL2 


1319 


^SUB 


12FB 


^^TEMP 


FFFS 
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APPENDIX E 
IMPLEMENTING PROGRAM DELAYS FOR SC/MP 



In some applications, programming delays may be required to properly interface 
SC/MP with other components of the system. Delays of a few microcycles can be imple- 
mented by executing one or more NOP commands— each NOP instruction provides a mini- 
mum delay of 5-microcycles (undefined 1-byte opcodes) and a maximum delay of 
10-microcycles (undefined 2-byte opcodes). The following table shows how the decimal 
'displacement' value and the decimal value of 'accumulator' can be used to achieve any 
delay within the range of 13-to- 13 1,593 microcycles (1 microcycle = 2 Tx, where Tx = 
1/Fosc). If the required delay falls between two values in the table, adequate resolution can 
be obtained by interpolation. 



E-1 



Delay 


Decimal 


Decimal 


Delay 


Decimal 


Decimal 


Delay 


Decimal 


Decimal 


/icycles 


Disp. 


ACC 


/icycles 


Disp. 


ACC 


jLicycles 


Disp. 


ACC 


13 


0 


00 


1555 


3 


00 


5153 


10 


00 


53 


0 


20 


1595 


3 


20 


5193 


10 


20 


93 


0 


40 


1635 


3 


40 


5233 


10 


40 


133 


n 


fin 


1675 


O 
O 


DU 


5273 


10 


60 


173 


0 


80 


1715 


3 


80 


5313 


10 


80 


213 


0 


100 


1755 


3 


100 


5353 


10 


100 


253 


0 


120 


1795 


3 


120 


5393 


10 


120 


293 


0 


140 


1835 


3 


140 


5433 


10 


140 


333 


0 


160 

1 \J\J 


1875 


Q 
O 


1 DU 


5473 


10 


160 

1 \J\J 


373 


0 


180 


1915 


3 


180 


5513 


10 


180 


413 


0 


200 


1955 


3 


200 


5553 


10 


200 


453 


0 


220 


1995 


3 


220 


5593 


10 


220 


493 


0 


240 


2035 


Q 
O 




5633 


in 


240 


523 


0 


255 


2065 


3 


255 


5663 


10 


255 


527 


1 


00 


2069 


4 


00 


7723 


15 


00 


567 


1 


20 


2109 


4 


20 


7763 


15 


20 


607 


] 


40 


2149 


4 


40 


7803 


15 


40 


647 




fin 


2189 


A 


DU 


7843 


1R 


fiO 

\J\J 


687 


1 


80 


2229 


4 


80 


7883 


15 


80 


727 


1 


100 


2269 


4 


100 


7923 


15 


100 


767 


1 


120 


2309 


4 


120 


7963 


15 


120 


807 




140 


2349 


4 


140 


8003 


15 


140 


847 




ifin 


2389 


A 


\ DU 


8043 


15 


160 


887 


1 


180 


2429 


4 


180 


8083 


15 


180 


927 


1 


200 


2469 


4 


200 


8123 


15 


200 


967 




220 


2509 


4 


220 


8163 


15 


220 


1007 




240 1 


2549 


A 


zh-u 


8203 


15 


240 


1037 


1 


255 

1 


2579 


4 


255 


8233 


15 


255 


1041 


2 


00 


2583 


5 


00 


10293 


20 


00 


1081 


2 


20 


2623 


5 


20 


10333 


20 


20 


1121 


2 


40 


2663 


5 


40 


10373 


20 


40 


1161 


2 


60 1 


2703 


D 


DU 


10413 


20 


60 

\J\J 1 


1201 


2 


80 

1 


2743 


5 


80 


10453 


20 


80 


1241 


2 


100 1 


2783 


5 


100 


10493 


20 


100 


1281 


2 


120 1 


2823 


5 


120 


10533 


20 


120 


1321 


2 


140 1 


2863 


5 


140 


10573 


20 


140 


1361 




160 1 

1 \J\J ■ 


2903 


O 


\ du 


10613 


20 


Ifin 


1401 


2 


180 1 


2943 


5 


180 


10653 


20 


180 


1441 


2 


200 1 


2983 


5 


200 


10693 


20 


200 


1481 


2 


220 1 


3023 


5 


220 


10733 


20 


220 


1521 


2 


240 1 


3063 


r; 
>j 




10773 


20 


240 


1551 


2 


255 1 


3093 


5 


255 


10803 


20 


255 



Delay 

/^cycles 



Decimal 
Disp. 



m 
I 



c 
e 
e 



Mil 

3 

a 



m 



IS 



25 
25 
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20573 


40 


00 


28283 


55 


00 


35993 


70 


00 


43703 


85 


00 


20613 


40 


20 


28323 


55 


20 
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70 


20 


43743 


85 


20 
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40 


40 


28363 


55 


40 


36073 


70 


40 


43783 


85 


40 


20693 


40 


60 


28403 


55 


60 
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70 


60 


43823 


85 


60 
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40 


80 


28443 


55 


80 


36153 


70 


80 


43863 


85 


80 


20773 


40 


100 


28483 


55 


100 


36193 


70 


100 


43903 


85 


100 


20813 


40 


120 


28523 


55 


120 


36233 


70 


120 


43943 


85 


120 


20853 


40 


140 


28563 


55 


140 
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70 


140 


43983 


85 


140 


20893 


40 
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28603 


55 


160 
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70 


160 


44023 


85 


160 


20933 


40 


180 


28643 


55 
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36353 


70 


180 


44063 


85 


180 


20973 


40 


200 


28683 


55 
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• 36393 


70 


200 


44103 


85 


200 


21013 


40 


220 


28723 


55 


220 
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70 


220 


44143 


85 


220 


21053 


40 


240 


28763 


55 


240 


36473 


70 


240 


44183 


85 
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21083 


40 


255 
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55 


255 


36503 


70 


255 
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85 
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45 


00 
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00 
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75 


00 
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90 


00 
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20 
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20 
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20 
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20 
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40 
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40 
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40 
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45 


60 


30973 


60 


60 
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75 


60 


46393 


90 


60 


23303 


45 


80 


31013 


60 


80 


38723 


75 


80 


46433 


90 


80 


23343 


45 


100 


31053 


60 


100 


38763 


75 


100 


46473 


90 


100 


23383 


45 


120 


31093 


60 
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38803 


75 


120 
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90 


120 


23423 


45 
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31133 


60 
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38843 


75 


140 
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90 
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23463 


45 
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60 


160 


38883 


75 


160 
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90 


160 


23503 


45 
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60 
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75 
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46633 


90 
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23543 


45 
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31253 


60 
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38963 


75 
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46673 


90 
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23583 


45 
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31293 


60 
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39003 


75 
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90 
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90 


240 
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45 
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80 


80 
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95 


80 
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65 
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41333 


80 
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95 
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25953 


50 
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65 
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95 
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50 
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80 
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95 
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255 
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131563 
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255 
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118273 


230 


20 


125983 


245 


20 














118313 


230 


40 


126023 


245 


40 














118353 


230 


60 

\J\J 


126063 


24R 


fiO 

\J\J 
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